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(54)TTtk: QUINAZOUNE DERIVAHVES 
(57) Abstract 

The invention concerns quinazoline derivatives of formula 0) 
wherein ro is 1 or 2; each R> includes hydrogen, halogeno, (1- 
4C)allcyl and (l-4C)alkoxy: n is I, 2 or 3; each R2 inckades 
hydrogen, hydroxy, halogeno and (l-4C)alkyl; and Ar is a 5- or 9- 
membeied nitrogen*linked heteroaryl moiety contaming up to four 
nicrt^ heteroatoms, or Ar is a 5% 6-. 9- or lO-membeied nitiogen- 
linked unsanirated heterocyclic moiety containing up to dme niti^en 
heteroatoms which bean one or two substituents selected ton oxo 
and thioxa. or a pharmaceutically-acceptable salt thereof, proce s se s 
for their pr^aration, pharmaceutical compositions containing dwm, 
and the use of the receptor tyrosine kinase inhibitoiy properties of the 
compounds in the treamiem of proliferative disease such as cancer. 
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OUINAZOLINE DEMVATfVFi^ 

The ioveadon relates to quinazoline derivatives, or 
phannaoeutically-acceptable salts thereof, which possess anti-Gell-pioUfetation activity 
stx:h as anticancer activity and are accordingly useful in medKxls of treatment of the 
human or animal body. The invention also relates to processes for the manufacture of said 
quinazoline derivatives, to pharmaceutical conq)ositions containing them and to tiieir use 
in tiie manufacture of medicaments of use in tiie production of an anti-cell-piolifeiation 
effect in a warm-blooded animal such as man. 

Many of the current treatment regimes for cell proliferation diseases such as 
psoriasis and cancer utilise conqmmds which inhibit DNA synthesis. Such compounds 
are toxic to cells generally but their toxic effea on rapidly dividing cells such as tumour 
cells can be beneficial. Alternative approaches to anti-proliferative agents which act by 
mechanisms other than die inhibition of DNA synthesis have the potential to display 
enhanced selectivity of actioiL 

In recent years it has been discovered that a cell may become cancerous by 
vinue of the transformation of a portion of its DNA into an oncogene i.e. a gene which, on 
activation, leads to the formation of malignant tumour cells (Bradshaw, Mutagenesis , 
1986, 1, 91). Several such oncogenes give rise to the production of peptides which are 
receptt>rs for growth factors. The growth factor receptor complex subsequentiy leads to an 
increase in cell proliferation. It is known, for example, that several oncogenes encode 
tyrosine kinase enzymes and that certain growth factor receptors are also tyrosine kinase 
enzvmes f Yarden et al- Ann, Rev. Biochem., 1988, 443; LarsengSal. Ann, Reports in 
Med. Chem. 1989, Chpt 13). 

Receptor tyrosine kinases are important in the transmission of biochemical 
signals which initiate ceU replication. They are large enzymes which span the cell 
membrane and possess an extracellular binding domain for growth factors such as 
epidermal growth factor (EGF) and an intracellular portion which functions as a kinase to 
phosphorylate tyrosine amino acids in proteins and hence to influence cell proliferation. 
Various classes of receptor tyrosine kinases are known (Wilks, Advances in Cancer 
Researoh . 1993, ^ 43-73) based on families of growth factors which bind to different 
receptor tyrosine kinases. The classification includes Qass I receptor tyrosine kinases 
comprising the EGF family of receptor tyrosine kinases such as the EGF, transforming 
growtii factor a (TGFa), NEU, erbB, Xmric, DER and let23 receptors, Qass n receptor 
tyrosine kinases comprising the insulin family of receptor tyrosine kinases such as the 
insulin, IGFI and insulin-related receptor (IRR) receptors and Class m receptor tyrosine 
kinases comprising the platelet-derived growth factor (PDGF) family of receptor tyrosine 
kinases such as the PDGFo, PDGFp and colony-stimulating factor 1 (CSFl) receptors. It 
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is known that Oass I Idoases sudi as tbe EQ^ fiamily 

frequently present in cosunon human cancecs such as breast cancer (Sainsbuxy etal- SdL 
J. Cancer. 1988, 2S. 458; Guerin et al» Oncogene Res.^ 1988, 2» 21), squamous cell cancer 
of the lung f Hendler et al,. Cancer Cells, 1989, 2> 347), bladder cancer (Nealet2l.,Ls!{^ 
198S, 366), oesqihagcal cancer (Mukaida ^ at, Cancg. 1991, ^* 142), gastrointestinal 
cancer such as colon, rectal or stomach cancer (Bolen etal.. Oncogene Res.. 1987, 1, 149), 
leukaemia (Konaka etal,. Cell . 1984, 2L 1035) and ovarian, bronchial or pancreadc 
cancer (European Patent Specification No, 0400586). As further human tumour tissues are 
tested for the EGF family of receptor tyrosine kinases it is expected that its widespread 
prevalance will be established in further cancers such as thyroid and utehne cancer. It is 
also known that-EGF type tyrosine kinase activity is rarely detected in normal cells 
whereas it is more frequently detectable in malignant cells (Hunter, Cell . 1987, SQf 823). 
It has been shown more recently (W J GuUick, Brit Med. Bufl., 1991,£Zt 87) that EGF 
receptors which possesses tyrosine kinase activity are overexpressed in many human 
cancers such as brain, lung squamous cell bladder, gastric, colorectal, breast head and 
neck, oesophageal, gynaecological and thyroid tumours. 

Accordingly it has been recognised that an inhibitor of receptor tyrosine 
kinases should be of value as a selective inhibitor of the growth of mammalian cancer cells 
(Yaish et al. Science. 1988, 242» 933). Support for this view is provided by Ac 
demonstration that erbstatin, an ECH^ receptor tyrosine kinase inhibitor, specifically 
attenuates the growth in athymic nude mice of a transplanted human mammaiy carcinoma 
which expresses EGF receptor ^rosine kinase but is without efiTect on the growth of 
another carcinoma which does not express EGF receptor tyrosine kinase 
(Toi et aL, Eur. J. Cancer ain. Oncol.. 1990, 26, 722). Various derivatives of siyrene are 
also stated to possess tyrosine kinase inhibitory properties (European Patent Application 
Nos. 021 1363, 0304493 and 0322738) and to be of use as anti-nimour agents. The in vivo 
inhibitory effect of two such styrene derivatives which are EGF receptor tyrosine kinase 
inhibitors has been demonstrated against the growth of human squamous cell carcinoma 
inoculated into nude mice (Yoncda et al.. Cancer Research. 1991, 51, 4430). Accordingly 
it has been indicated that Class I receptor tyrosine kinase inhibitors will prove to be useful 
in the treatment of a variety of human cancers. Various known tyrosine kinase inhibitors 
are disclosed in a more recent review by T R Burke Jr. f Dmps of the Funue. 1992, 12, 
119). 

It is also expected that inhibitors of EGF type receptor tyrosine kinases will be 
usefid in the treaunent of other diseases of excessive cellular proliferation such as 
psoriasis (where TGFa is believed to be the most important growth factor) and benign 
prostatic hypertrophy (BPH). 
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ft is Jcnowa from Eutopeaa Patent AppUcarions Nos. 0520722 and 0566226 
that ccftain quinazoline derivatives which bear an anilino substituent at die 4-position 
possess receptor QfTOsine kinase inhibitoiy activity. It is fiinher known &om European 
PWent Applicadon No. 060285 1 diat certain quinazoline detivatives which bear a 
heteroaiylamino substituent at die 4-posidon also possess receptor tyrosine kinase 
inliibitoiy acdvi^. 

It is Amber known finom Ihtetnational Patent Application WO 92/20642 diat 
certain aiyl and heteroaiyl compounds inhibit EGF and/or PDGF receptor tyrosine kinase. 
There is die disclosure of certain quinazoline derivatives dietein but no mention is made of 
4-anilinoquinazoline derivatives. 

It is further known from European Patent Application No. 0635507 diat 
certain tricyclic compounds which comprise a 5- or 6-membcred ring fused to die bcnzo- 
ring of a quinazoline possess receptor tyrosine kinase inhibitory activity. It is also known 
from European Patent Application No. 0635498 diat certain quinazoline derivatives which 
cany an amino group at die 6-position and a halogeno group at die 7-position possess 
recqitor Qrosine kinase inhibitoiy activity. 

The JayiaB anu-proliferative effect of a 4-anilinoquinazoline derivative has 
beendisclosedbyFrys{2i-.&!£Qcs, 1994.2^2. 1093. It was stared diat die compound 4- 
(3-bromoanilino)-6.7-dimedioxyquinazoline was a highly potent inhibitor of EGF recqKor 
tyrosine kinase. 

The in vivo inhibitoiy effect of a 4^-dianilinophdialimide derivative which is 
an inhibitor of die EGF family of receptor tyrosine kinases has been demonsttated against 
die growdi in BALB/c nude mice of a human epidermoid carcinoma A-43 1 or of a human 
ovarian carcinoma SKOV-3 (Buchdunger et al., Proc. Nat. Acad, Sci, 1994, 2L 2334), 

There is no disclosure in these documents of quinazoline derivatives which 
bear at the 4-position an anilino substituent and at the 6-position a heteioaryl substituem. 

We have now found diat certain novel 6-substituted-4-anilinoquinazoline 
derivatives possess anti-cell-proliferation properties which are believed to arise fhwn dieir 
Qass I receptor tyrosine kinase inhibitoiy activity. 

According to the invention there is provided a quinazoline derivative of the 

formula I 
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wheieinmis 1 or 2; 

each R' is independently hydrogen, halogeno, cyano, anuno« nitro, carbamoyl caiboxy, 
(l-4C)aIkoxycarbonyl« (l-4C)aIkyl (l-4C)alkyldiio, (I*4C)alkylamino, 
di-[(l-4C)alkyl]aniino, (2-4C)alkanoy]aniino or (I-4Qalkoxy; 
nis U2or3; 

each is independently hydrogen, hydroxy* halogeno, trifluoromethyi, trifluoromethoxy, 
amino, nitro« cyano, (l-4C)alkyl, (l-4C)alkoxy, Cl-4C)alkyIamino, di-[(l*4C)aII^l]amino, 
(MQaikylthio, (l-4C)alkyisuiphinyi, (l-4C)aIlcylsiiIphonyl (2-4Qalkanoylaniino« 
(2-4C)alIcanoyI or (l-3QaIkylenedioxy, or R^ is a group of the fcmnuia -X-Q which is 
located para to the NH group in formula I and wherein X Is a group of the formula CO, 
C(R^)2. CH(OR^, C(R^)2-C(R^, C(R^)=C(R^. OC, CH(CN), O. S, SO, SQ2, CONR^ 
S02NR^ NR^CO, NR^SOr OC(R^, SC(rSi C(R^0 or CCR^^S wherein each R^ is 
independently hydrogen or (l-4Qall7l, and Q is a phenyl or tufxhtl^l group or a 5- or 6- 
membered heteroaryl moiety containing up to three heteroatoms selected finom oxygen, 
nitrogen and sulphur, which heteroaryl moiety is a single ring or is fused to a benzo ring, 
and wherein said phenyl or naphthyl group or heteroaryl moiety is optionally substituted 
with one, two or three substituents selected from halogeno, trifluoromethyl, cyano, 
carbamoyl, hydroxy, amino, nitro, (l-4Qalkyl, 

(l-4Qaikoxy, (l-4C)alkylamino, di-[(l-4Qalkyl]amino, (2-4C)alkanoylamino, 
K-(l-4C)aU7lcarbamoyl and K^-di-[(l-4QaIkyl]carbamoyl; and 
Ar is a S- or 9-membered nitrogen-linked heteroaryl moiety containing up to four nitrogen 
heteroatoms, or Ar is a 5*, 6-, 9- or 10-membered nitrogen-linked unsaturated heterocyclic 
moiety containing up to three nitrogen heteroatoms which bears one or two substituents 
selected from 0x0 and thioxo, and Ar is optionally substituted with one, two or three 
substituents selected from halogeno, hydroxy, amino, mercapto, carboxy, carbamoyl, 
(MOalkyl, (MQalkoxy, (l-4Qalkylamino, di-[(l-4Qalkyl]amino, (MC)alkylthio, 
(2-4C)alkanoyl, (MQalkoxycarbonyl, (2-4C)alkanoylamino, N-(l-4C)alkylcarbamoyl, 
Hii-di-K 1 -4Qalkyllcarbamoy 1, H-[hydroxy-(2-4C:)alkyl]carbamoyl, 
M.H-<Ii-[hydioxy-(2-4C)alkyilcarbamoyl, N-(( l-4Qaikoxy-(2-4C)allqrl]carbamoyU 
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£LM-<ii-((l-4C)aIkoxy-(2-4C)a^ ainino-(l-4Qalkyl, (l-4Qalkylaimno- 

(l-4C)alkyl. di-[(l-4Qalkyqainmo-(l-4C)^ pyTOlidin-l.yHl-4C)alkyl. piperidmo- 

(l-AQOkyl moipholmo-(l-4C)alkyL piperazin-I-yHl-4C)alkyl and 

4-<l-4QalkyIpipera2m-l-yKl-4Q^ 

or a pharmaccutjcaUy-accqrtable salt tbmot 

According to a further aspect of the present invention dieie is provided a 
quinazoline derivative of the fonnula I 
wiiercin m is 1 or 2; 

each is independcndy hydrogen, halogeno, cyano* amino* nitro, carbamoyl carboxy, 
(l-4C)alkoxycarbonyl. (l-4C)alIcyl, (l^alkylthio, (MQaikylamino, 
di-[(l-4Qalkyl]amino, (2-4QaikanoyIamino or (l-4C)aikoxy; 
nis 1,2 or 3; 

each is independcndy hydrogen, hydroxy, halogeno, trifluoromcthyl, trifluoromcdioxy, 
amino, nitro, cyano. (l-4C)alkyl, (l^alkoxy, (l-4C)alkylamino, di-Kl^aIkyl]amino, 
(l-4Qalkyiihio, (l-4Qalkylsulphinyl, (l-4C)alkyIsulphonyl (2-4Qaikanpyiamino, 
(2-4Qalkattoyl or (l-3C)aIkylenedioxy; and 

Ar is a S- or 9*membered nitrogen-linked heteroaiyl moiety containing up to four nitrogen 
heteroatoms, or Ar is a 6*, 9- or 10-membered nitrogen-linked ^Tn^flf^irarH heterocyclic 
moiety containing up to thxee nitrogen heteroatoms which bears one or two substituents 
selected from oxo and thioxo, and Ar may optionally bear up to three substituents 
selected from halogeno, hydroxy, amino, mercapto, carboxy, carbamoyl, (l-4C)alkyl, 
(l-40alkoxy. (l-4C)alkylamino, di-[(!-4Qalkyl]amino, (l-4C)alkyllhio, (2-4Qalkanoyl, 
(MQalkoxycarbonyl, ia-(I-4C)alkylcarbamoyl, lLM-di-[(l-4C:)alkyl]carbanioyl, 
r3-[hydroxy-(l-4Qalkyl]carbanioyl, l!LI2-di-[hydroxy-(l-4C)allqrll- 
carbamoyl, M-[(l-4C)alkoxy-(l^)alkylJcarbamoyl and 
NJ3-di.[(1.4C)alkoxy-(l^alkyl]carbamoyl; 
or a phannaceutically-acceptable salt thereof. 

In this specification the term ''alkyr includes both straight and branched chain 
alkyl groups but references to individual alkyl groups such as "propyl" ate specific for the 
straight chain version only. An analogous convention applies to other generic terms. 

The quinazolines of the formula I are unsubsdtuted at the 2-position. This is 
specifically indicated m formula I by the hydrogen atom at the 2-posiuon. It is to be 
understood that the R^ groups are located only on the benzo portion of the quinazoline 
ring. 

It is also to be understood that, insofar as certain of the compounds of formula 
I defined above may exhibit the phenomenon of tautomcrism, the invention encompasses 
any tautomeric form which possesses receptor tyrosine kinase inhibitoiy activity. 



WO9da6M0 



PCT/GB9S027M 



-6- 

It is also to be understood that certain quinazoline deiivaiives of the formula I 
can exist in soivated as well as unsolvated forms such as, for exansple, hydrated forms. It 
is to be understood that the invention encompasses all such soivated forms which possess 
receptor tyrosine kinase inhibitoiy activiQr« 

Suitable values for the generic radicals refened to above include those set out 

bdow, 

A suitable value for or when it is halogeno is, for example, fluoio, 
chioro, bromo or iodo; when it is (l-4QaIkoxycarbonyl is, for example, methoxycarbonyl, 
ethoxycarbonyl, propoxycarfoonyl or butoxycarbonyl; when it is (I-4Qalkyl is, for 
example, methyl, ediyl, propyl, isopropyl, butyl, isobutyl, sec*butvl or tert^butyl: when it is 
(l-4C)alkylthio'is, for example, methylthio, ethylthio or pn^lthio; when it is 
(l-4Qalkylaroino is, for example, methylamino, ethylamino or propylamino; when it is 
di-[(l-40alkyl]amino is, for example, dimethylamino, N-ethyl-N-roethylamino, 
diethylamino, ^*methyl-^-propylamino or dipropylamino; when it is 
(2-4QaIkanoylamino is, for example, acetamido, propionamido or butyramido; and when 
it is ( l-4C)aIkoxy is, for example, medioxy, ethoxy, propoxy, isopropoxy or butoxy. 

A suitable value for R^ when it is (l-4QaIkyIsulphinyl is, for example. 
methylsulphinyl, etbylsulphinyl or propylsulphinyl; when it is (l-4C)alkylsulphonyl is, for 
example, methylsulphonyl, ethylsulphonyl or piopylsuiphonyl; when it is (2^K::)aIkanoyl 
is, for example, acetyl, propionyl or butyiyl; and when it is (l-SQall^lenedioxy is, for 
example, methylenedioxy, ethylenedioxy or propylenedioxy. 

When R" is ( l-3Qalkylcncdioxy the oxygen atoms of each such group occupy 
adjacent positions on the anilino ring. 

A suitable value for the R^ group which may be present within X when said 
R^ group is ( MQalkyl is, for example, methyl, ethyl or propyl. 

A suitable value for Q when it is a naphthyl group is, for exanqile, 1-naphdiyl 
or 2-naphthyl. 

A suitable value for Q when it is a 5- or 6-membexed heteroaryl moiety 
containing up to three heteroatoms selected from oxygen, nitrogen and sulphur, which is a 
single ring is, for example, furyl, pyrrolyl, thienyl, pyridyl, oxazolyl, isoxazolyl, pyrazolyl, 
imidazolyl, thiazoiyi, isothiazolyl, pyrazinyl, pynmidinyl, pyridazinyl, 1,2,3-triazolyl, 
1,2,4-triazolyl, oxadiazolyl, furazanyl or thiadiazolyl, or which is fused to a benzo ring is, 
for example, benzofiuyl, indolyl, benzothienyl, quinolyl, isoquinolyl, benzoxazolyl, 
indazolyl, benzimidazolyl, benzothiazolyl, cinnolinyl, quinazolinyl, quinoxalinyl or 
benzotriazolyl. Said heteroaryl moiety may be attached to X through any available 
posidon. The optional subsdtuents on Q may be located at any available position 
including on any available nitrogen heteroatom. 
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A suitable value for Ar when it is a S- or 9-iiiembeitd nitrogen-linked 
heteroaryl moiety containing up to four nitrogen heteroatoms is» for exaxnplt, a 
Ailly-unsaturated monocyclic heteroaxyl moieQr such as 1-pynolyU 1-pyrazolyI, 
I-imidazolyl U^J-triazoi-l-yl, l^-triazoi-2-yU lA4-triazoH-yl U,4-triazol-4-yl, 
IH-tetrazoM-yl and 2H-tetrazol-2-yU or, for example, a fully-unsaturated bicyclic 
benzo-fused heteroaryl moiety such as 1-indolyl, 2-isoindoIyl, IH-indazoM-yl, 
2£[-indazol-2-yI, benzimidazoM-yl and benzo-l,23-triazoi-l-yl. 

A suitable value for Ar when it is a 5*, 6-, 9- or 10-membered nitrogen-linked 
unsaturated heterocyclic moiety containing up to three nitrogen heteroatoms which beais 
one or two substituents selected from oxo and thioxo is, for exanqile, an unsaturated 
monocyclic heterocyclic moiety such as 2-oxo-4-imidazolin-l-yl, 
2-oxo-l,2-dihydropyridin-l-yI, 4-oxo-l,4-dihydropyri(fin-l-yl, 
2-oxo-L2-dihydropyrimidin-l-yl, 4-oxo-3,4-dihydropyrimidin-3-yI, 
2,4-dioxo- 1 ,2,3 ,4-tetrahydropyrimidin- 1 -y K 2-oxo- 1 ,2-dihydropynizin- 1 -y 1, 
23-dioxo-l,2 J,4-tetrahydropyrazin-l-yl, 3-oxo-23-dihydropyridazin-2-yl and 
3,6-dioxo-l,23«6-tetrahydn)pyridazin-l-yl or the corresponding thioxo analogous thereof 
such as 2-thioxo-l,2-dihydropyridin-l-yl, or, for exampld, an unsaturated bicyclic 
heterocyclic moiety such as 2-oxoindolin-l-yl, 23-dioxoindolin-l-yI, 

2- oxo-23-<liliydrobenzimidazol-l-yl. 3-oxo-23-dihydn>-lii-indazol-l-yl, 

3- OXO-2 J-dihydro- lH-indazol-2-yU 2-oxo-l ,2-dihydroquinolin-l-yl, 
2-oxo- 1 ,2,3 ,4-tetrahydroquinolin- 1 -y 1, 1 -oxo- 1 ,2-dihydroisoquinolin-2-yl, 
2-oxo- 1 ,2-dihydroquina2olin- 1-yi, 2,4-dioxo- 1 ,2.3,4-tetrahydroquinazolin- 1 -yl, 
2-oxo- 1 ^-dihydroquinoxalin- 1 -yl, 2,3-dioxo- 1 ,23.4-tetrahydroquinoxalin- 1-yl, 

4- oxo-l,4-dihydrocinnolin-l-yl. 3,4-dioxo-l,2,3,4-tctrahydrocinnolin-l-yl and 
3,4-dioxo-l,2,3,4-tetrahydrocinnolin-2-yl or the corresponding thioxo analogues thereof 
such as 2-thioxoindolin-I-yl. 

Suitable values for the substituents which may be borne by Q or Ax include, 
for example:- 



for halogeno: 
for(l-4C)alkyl: 

for(l-4C)alkoxy: 

for (l-4Qalkylamino: 
for di-[(I-4C)alkyl]amino: 



fluoro, chloro, bromo and iodo; 

methyl, ethyl, propyl, isopropyl, butyl, and 

tcrt-butyi; 

methoxy, ethoxy, propoxy, isopropoxy and 
butoxy; 

methylamino, ethylamino and propylamino; 
dimetfaylamino, H-^thyl-^i-methylamino, 
diethylamino, K-methyl-£I-propylamino and 
dipropylamino; 
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ford^alkylthio: 
for(2-4Qalkanoyl: 
for (I-4Qalkoxycarbonyi: 

for (2-4Qalkanoylaiiuxio: 
for £I-( l-4C)alkyIcarbainoyl: 

foriLM-di-((l-4C)aIkyl]- 
carbamoyL- 



for £i-[hydroxy-(2-4C)alkyl]. 
carbamoyl: 

for liJi-<li-[hydxoxy-(2-4C)- 
all^ljcazbamoyl: 



for N-[( l^aIkoxy-(2-4Q- 
alkyl]carbamoyl: 



for CLM-di-K l-4C)aIkoxy-(2^Q. 
alkyl]caibaznoyl: 



for aniino-( l-4QaIkyl: 

for ( l-4C)alkylamino-(l-4C)allqrl: 



-8- 

metfaylthio, ethylthio and propylthio; 
acetyl, piopionyl and butyiyl; 
metboxycaibonyl, ethoxycarbonyl, 
propoxycarbonyl and butoxycarbonyl; 
aoetamido, propionamido and butyramido; 
ii-nietinrlcaibanipyl, I^-cthylcarbamoyl, 
N-prqpylcaibamoyl and 2i-butylcarbanioyl; 

fLIi-diniediylcarbamoyI, 
£L£i-diethylcarbanioyi, H-ediyl-Ii- 
mecbyicarbamoyi, H«£I-dipn>pylcaibamqyl and 
NJj-dibu^icarbamoyl; 

^-[2-hydroxycthyI]carbanioyl, 
M-I3-hydn>xypropyl]caibamoyI and 
£l-[4-hydroxybutyIlcazbanioyl; 

^^-dii-(2-bydraxyethyl]caibamoyl, 
£iJ£*di-[3-hydn>}7propyl]carbanioyl and 
I21i-di-[4-hydroxybiityl]carbanioyl; 

li-[2-methoxycthyI]carbanioyl, 
Ii-[2-ethoxycthylJcarbamoyl. 
M-[3-niethoxypn)pyl]carbamoyl and 
^-[4-methoxybucyI]carbamoyl; 

^,£i-di-[2-niedioxyechyl]carbamoyl, 
N.H-<Ii-[2-cthoxyctl^l]caibamoyl. 
M«N-di-[3-niethoxypropyI]carbamoyl and 
MJ5l-di-[4-racthoxybutyl]carbanioyl: 
aminometbyl, 2-aminoechyl, 3-aminopropyl and 
4-aminobutyl; 

methylaminomethyl, ethylaniinomechyl, 2* 
metfaylaminoetbyU 2-echylaniinoetbyl and 3- 
metbylaminopropyi; 
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for di-[( l-4Qalkyl]aimno-(l-4C)- 
alkyl: 



for pynolidin-l-yKl-4C)alkyl: 

for piperidiao-( l-4QaUyl: 

for nx>ipholino-( l-4C)alkyl: 

for ptperazin-i-yK l-4Qalkyi: 

for 4-( 1 -4QaIkylpipcraziii-l-yl- 
(l-4C)alkyl: 



dimethylaminoxnetfayl, diethylaminomethyl, 2- 
dimetfaylaminoethyl, 2-C^-ethyl-li- 
iiiethyIaimao)ethyl, 2-diethylaiiimoeth^^ 3- 
diiiietfiylaiiiinqpro(iyl: 

pyRQlidin-l-ylmetbyl, 2-(pyixDlidiii-l-yl)etbyl 
and 3-(iyynoU<fin-l-yl)propyl; 
ptperidinoinediyl, 2-piperidixioixiethyl and 3- 
ptperidinopropyl; 

nx)rpholinoiiiediyl, 2-morphoIinoediyl and 
S-moipholinopiopyl; 

piperazm-l-ylmethyl, 2-piperazm-l*yletbyl and 

3- piperazin-l-ylpropyl; 

4- methylpipeiazin-l-ylinethyU 2-(4- 
niethylpipcrazin-l-yl)ethyl and 3-(4- 
mecfaylptperBZUi-l-yOpropyl. 



A suitable phannaceutically-acceptable salt of a qiiinazoline derivative of the 
invention is, for example, an acid-addition salt of a quinazoline derivative of the invention 
which is sufficiently basic, for example, an acid-addition salt with, for example, an 
inorganic or organic acid, for example hydrochloric, hydrobromic, sulphuric, phosphoric, 
trifluoroacedc, citric or maleic acid. In addition a suitable phannaceutically-acceptable 
salt of a quinazoline derivative of the invendon which is sufiGciendy acidic is an alkali 
metal salt, for example a sodium or potassium salt, an oiiraiiw earth metal salt, for 
example a calcium or magnesium salt, an ammonium salt or a salt with an organic base 
which a£fonls a physiologically-acceptable cation, for example a salt with methylamine, 
dimethylamine, trimediylamine, piperidine, morpholinc or tris-(2-hydroxyethyl)amine. 

Particular novel compounds of the invendon include, for exanq)le, 
quinazoline derivatives of the formula I, or pharmaceudcally-acceptable salts thereof, 
wherein:- 

(a) m is 1 and is selected from hydrogen, halogeno and (I-4Qalkoxy; and Ar, 

n and have any of the meanings defined hereinbefore or in this secdon relating to 
particular novel compounds of the invention; 



(b) 



n is 1 or 2 and each R is independendy hydrogen, halogeno, txifiuoromethyl. 



trifluoromethoxy, nitro, cyano, (l-4C)alkyl or (l-4C)alkoxy; and Ar, m and R' have any of 
the meanings defined hereinbefore or in diis section relating to particular novel 
compounds of the invention; 
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(c) nis 1 or 2, one is a group of the formula -X-Q which is located oaia to the 

NH group in fonnula I and wherein X is a groi^ of the formula CO, C(R^. CH(OR^. 
0C(R\ or SC(R^, wherein each is indepeiKicntly hydrogen or (l-4QalkyI, and Q is 
phenyl, finyl, pynolyl, thicnyl, pyiidyl oxazolyt imidazolyl thiazolyl, pyrimidinyl, 1^4- 
triazolyl, oxadiazolyl or thiadtazolyl which is optionally substituted with one or two 
substttuents selected fiom haiogeno, cyano, (l-4Qall^l and (l-4C)alkoxy, and the other 
R^ (if present) is selected finom halogeno, tiiflu oromethy U cyano and (l-4Qalkyl;.and Ar, 
m and R' have any of die meanings defined hereinbefore or in this section relatm 
pardcular novel compounds of the invention; 

(d) nisi or2, one R^ is a group of the fonnula -X-0 which is located para to the 
NH group in fonnula I and wherein X is a group of the fonnula CO or OCH2. and Q Is 
phenyl, ftiryU thienyl, pyridyU oxazolyl. imidazolyl or diiarolyl which is optionally 
substinited with a substituent selected from halogeno and (l-40alkyU and the other R^ (if 
present) is selected from halogeno and (l^iQalkyl; and Ar, m and R' have any of the 
meanings defined hereinbefore or in this section relating to pardcular novel compounds of 
the invention; 

(e) Ar is a S- or 9-membered nitrogen-linked heteroaiyl moiety containing up to 
four nitrogen faeteroatoms which is opdonally substituted with one, two or three 
substituents as defined herembefore for Ar other tfian 0x0 or tfaioxo; and nu n, R' and R^ 
have any of the meanings defined hereinbefore or in this section relating to particular 
novel compounds of the invention; 

(f) Ar is a 6-, 9- or lO^membered nitrogen-linked unsaturated heterocyclic moiety 
containing up to three nitrogen heteroatoms which bears one or two substituents selected 
from 0x0 and thioxo and which is optionally substituted with one, two or three 
substituents as defined hereinbefore for Ar other tiian 0x0 or thioxo; and m, n, R' and R^ 
have any of the meanings defined hereinbefore or in this section relating to particular 
novel compounds of the invention; 

(g) Ar is a S-membered nitrogen-linked foUy-unsaturated monocyclic heteroaiyl 
moiety containing up to four nitrogen heteroatoms which is optionally substituted with one 
or two substinicnts selected from those defined hereinbefore for Ar other than 0x0 or 
thioxo; and m, n, R^ and R^ have any of the meanings defined hereinbefore or in this 
section relating to particular novel compounds of the invention; 

(h) Ar is a 9-membered nitrogen-linked fuUy-unsaturated bicyclic benzo-fused 
heteroaryl moiety containing up to three nitrogen heteroatoms which is optionally 
substituted witii one or two substituents selected from those defined hereinbefore for Ar 
other than 0x0 or thioxo; and nu n« R' and R^ have any of the meanings defined 
hereinbefore or in this section relating to particular novel conqiounds of the invention; 
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(i) Ar is a 6-niembered nitrogen-linked unsanirated monocyclic hetefocyelic 

moiety containing one or two nitrogen heteroaioms, whicli hetetocycUc moiety beats one 
or two oxo substituents is optionally substituted with one or two further substituents 
selected from those defined hereinbefore for Ar other dian oxo or thioxo; and m, n, R' and 

have any of the meanings defined hereinbefore or in this section relating to particular 
novel conqwunds of the invention; or 

(j) At is a 9- or lO-membered nitrogen-linked unsaturated bicyclic heterocycUc 

moieiy comaining one or two nitrogen faeteipatoms. which heterocyclic moieiy beats one 
or two oxo substituents and is optionally substituted with one or two fimher substituents 
selected from tiu»e defined hereinbefore for Ar otiier tiian oxo or tiuoxo; and m. n. R' and 
R^ have any of the meanings defined hereinbefore or in tins section relating to particular 
novel compounds of the invention. 

A preferred compound of the invention is a quinazoline derivative of the 
formula I wherein m is 1 and R' is selected from hydrogen, fiuoro, chloro, bromo, 
methoxy and etiioxy; 

n is 1 or 2 and each R^ is independentiy hydrogen, hydroxy, fluoro. chloro. bromo. 
trifluoromediyl, trifluocometiioxy. amino, nitro. cyano. metiiyl, eUiyU medioxy. etiioxy. 
metiiylamino. etiiylamino. dimetiiylafflino. dietiiylamino. metiiylthio. etiiyltiiio. propyldiio. 
metiiylsulphinyl. etiiylsulphinyl. propylsulpinnyl, metiiylsulpbonyl. etiiylsulphonyl. 
propylsulphonyl. acetamido. propionamido. butyramido. acetyl, piopionyl, butyryl. 
methylenedioxy. ethylenedioxy or propylenedioxy; 

Aris l-pyrroiyl. l-pyrazolyl. l-imidazolyU U^-triazoM-yl. U.3-tria2ol-2-yl, 
1.2.4-triazoI-l-yl. 1.2.4-tria2ol-4-yl, lH-tetrazoI-l.yland2H-tetrazol-2-yl. 1-indolyl, 
2-isoindoIyI, IH-indazol-l-yl, 2H-indazol-2-yl. 1-benzimidazolyl or 
benzo-1.23-triazol-l-yl. and 

Ar may bear one or two substituents independentiy selected ftom fluoro, chloro. bromo, 
metiiyl. etiiyl, medioxy. etiioxy. metiiylamino. etiiylamino. dimediylamino, dietiiylamino. 
mediyldiio, ediyltiuo, acetyl, metiioxycarbonyl etiioxycarbonyl. Ji-metiiylcarbamoyl, 
£{-cdiylcaibamoyl. H Jj-dimetiqrlcatbamoyl, £i^-dietii)1carbamoyl. 
£i-t2-hydroxyeUiyl]carbamoyJ.M-[3-hydroxypropy0carbamoyI, 
IiJ5-di-[2-hydroxyetiiyl]carbainoyI.iLN-di-[3-hydroxypiopyl]carbamoyl. 
^-[2-metiioxyetiiyl]carbamoyl and IiJi-di-[2-metiioxyetiiyllcarbamoyl; 
or a phaimaceudcally-acceptable salt thereof; 

A further preferred compound of the invention is a quinazoline derivative of 
tiie formula I wherein m is 1 and R' is selected firom hydrogen, fluoro, chloro. bromo. 
methoxy and edunty; 

n is 1 or 2 and each R' is independentiy i^drogen. l^dro)^. fiuoro, chloro. bromo, 
trifluoromediyl. trifluorometiioxy. amino, nitro, cyano. metiiyl, ediyl, medioxy. etiioxy. 



W0M/16MI 



PCr/6B9SmZ768 



-12- 

mcthylamino. cthylamino, dixncthylamino. dicthylamino, methylthio, cthylthio, pxopylthio, 
mcthylsulphinyL cthylsulphinyl, propylsulphinyl mcthybulphonyl. cihylsulphonyl, 
propylsalphonyl acctamido, propionamido, butynunido, acetyt piopionyl, butyiyl, 
metbylenedioxy, etbylenedioxy or prqiylenedioxy; 
Ar is 2-oxo-l<»2-dibydropyridm-l-yU 4-oxo-l,4-dihydnipyridia-l-yl, 
2H>xo-l^Hl%dropyriiiiidin-l-yl.4K>xo-3,4H^ 
2«4-dioxo-l,23,4-letral7diopyriimdi^^ 2-oxo-l,2-diliydix^>yrazin-l-yl. 
23-dioxo-l^^«4-ietrahydiopyrazin-l-yl, 3*oxo-2«3Hlihydiopyridazin-2-yl and 
3,6-dioxo-l,2^«6-cetrahydn)pyiidazm-l*yI, or the conesponding ttiioxo analogues thereof 
such as 2-thioxo-l^-dihydropyridin-l-yl. 2-oxomdolin-l-yl, 2J-diioxoindolin-l-yI, 

2- oxo-2,3-dihydrobcnzimida2ol- 1 -yU 3-oxo-23-dihydio- IH-indazol-l-yl, 

3- oxo-23-dihydro-lH-indazoI-2-yU 2-oxo-l«2-dihydioquinolin-l-yl, 
2-oxo-l^J,4-tctrahydroqumolin-l-yU l-oxo-l^-dihydroisoqumolin-2-yl. 
2-oxo-l^.dihydioquinazolin-l-yl. 2.4-dioxo-l^,4-tctrahydroquina2oIin-l-yl, 
2-oxo- 1 ,2-dihydiT)quinoxalin- 1-yU 2^-dioxo- 1 ^,4-tetrahydroquinoxaIin- 1-y I 

4- oxo-l,4-dihydn)cumolin-l-yU 3,4-dioxo-lZ3,4-tetrahydtocinnoluHl-yl and 
3,4-dioxo-l^ J,4-Cetrahydn)cinnolin-2-yl or the conesponding thioxo analogues thereof 
such as 2-thioxoindolln-l-yU and 

Ar may bear one or two substituents independently selected from fiuoro, chloio. bromo, 
raethyU ethyl, mcthoxy, ethoxy, mcthylamino, ethylamino, dimcthyiamino, diethylamino, 
methylthio. cthylthio, acetyl, mcthoxycarbonyl, cthoxycarixinyl, N-methylcarbamoyL 
H-cthylcarbamoyl, £LN-diinethylcarbamoyI, liJi-dicthylcarbainoyl, 
M-[2-hydroxyethyl]carbanioyl.M-[3-hydn>xypropyl]carbanioyU 
KJ4-di-I2-hydn)xycthyl]carbamoyl,J^Hli-t3-hydroxypropyl]ca^ 
N-[2-niethoxyethyIlcarbamoyl and tLH-<li-[2-nicthoxyethyl]carbamoyl; 
or a pharmaceutically-acceptable salt thereof; 

A further preferred compound of the invention is a quinazoline derivative of 
the formula I 

wherein m is 1 and R' is hydrogen, 7-fluoro, 7-chloro or 7-methoxy; 

n is 1 or 2 and each is independently fluoro, chloro or methyl; and 

Aris 1-pyrrolyl, l^pyrazoiyl. l-imidazolyU UJ-triazoH-yl, l,2,4-tria2ol-l-yl, 

l,2,4-triazol-4-yt 1-indolyI, Ifi-indazoM-yl, l-benzimidazolyl or 1^,3-triazoI-l-yI which 

optionally bears one or two substituents selected from fluoro, chloro, bromo, methyl and 

ethyl; 

or a pharmaceutically-acceptable salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of 
the formula I wherein m is 1 and R' is hydrogen, 7-fluoro, 7-chloro or 7-methoxy; 
n is 1 or 2 and each R^ is independently fluoro, chloro or methyl; and 
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Aris 2-oxo-l^-dihydropyridiii-l-yl, 2-oxo-l^-dily di u py i imi din-l-yl, 
2,4-dioxo-1^3.4-tctnaiydropyriinidiii-I-yl, 23-dioxo-l^,44ctndiydnqjyrazin-l-yl. 
2H)Xomdolin-l-yU 2;3-dioxoindolin-l-yl, 2H>xo-23Hiihydn)bcii2unidazol-l-yI, 
2-oxo*l«2.dihydn)quiiiolin-l-yl, 2k>xo-1«23 Atetraiqrdnxiuiiiolia-l-yi, 
2,4kUoxo.I A3,4-tctrafaydroquiiiazoliiH or 2^-dioxa-1^.4- 
tetrahydioquiiioxalin-l-yl which optionally bears one or two substituents selected fiom 
fluoio, chloro, bromo, methyl and etl^l; 
or a phannaceuticaUy-accq^table salt thereof. 

A ftirther pitfeiitd conqx)und of the invention is a quinazoline derivative of 
the formula I wherein (R')^ is hydrogen; 

(R\ is 3-chlon>-4-fluoro, 3.4-dichloro. 3»4-difluoro, 3-chloro« 3-fluoro or 3-methyl; and 
At is I'pyrazoIyU 1-imidazolyl, lA4^triazol-l-yU i;2,4-triazol-4-yl or 
I-benzimidazolyl; 

or a phaimaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of 
the formula I wherein (R^)^ is hydrogen; 

(R\ is 3^hlon>4-fluoro. 3.4.dichlon), 3,4Hlifluoro» 3<hloro, 3-fluom or S-methyl; and 

Ar is 2.oxo-l^-dilqfdropyiidin-l-yl« 2-oxoindolin-l-yl, 

2-oxo-2»3-dihydrobenzimidazol-l-yU 2-oxo-l^-dihydtoqu2nolin-I-yl or 

2-oxo- 1 *23 .4-tetrahy droquinoiin- 1 -yl ; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A fuither preferred compound of the invention is a quinazoline derivative of 
the formula I wherein (R*)^ is hydrogen; 
(R^)^ is 3<hloro-4-fluoro, 3.4-dichloro or 3-methyl; and 
Aris 1-imidazolyU l-benzimidazolyl or 2-oxo-l^-dihydropyridio-l-yl; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

A specific preferred conq)ound of the invention is the following quinazoline 
derivative of the formula I> 

4-(3-methylaziilino)-6-(l-imidazolyI)quinazoline or 
4-(3-chloro-4-fluoroanilino)-6-( I-inudazolyl)quinazoline, 
or a pharmaceutically-acceptable salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of 
the formula I 

wherein m is I and R' is hydrogen, 7-fIuoro, 7-chloro or 7-methoxy; 
n is 1 or 2 and each R^ is independently fluoro, chloro, bromo« methyl and ethyl, or one R^ 
is a group of the formula -X-Q which is located para to the NH group in formula I and 
wherein X is a group of formula CO or OCH2. and Q is phenyl or 2-pyridyl, and the other 
R^ (if present) is selected from fluoro, chloro, bromo, methyl and ethyl; and 
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At is 1-pyrazoyU I*imidazoiyl, 1^4-triazoM-yl or 1-benzixnidazolyl which optiooaUy 
bears a substituent selected from fluoio^ chloro, bcomo, methyl and ethyl; 
or a phaixnaceutically-acceptable salt thereof. 

A fizither preferred compound of tbc invention is a quinazoline derivative of 
the formula I 

wherein m is 1 and is hydrogen, 7-fluon), 7-chIoro or 7-niethoi^; 

nis 1 or 2 and each independently fluoro,chloni,bromo, methyl and ethyl, or one is 

a group of the formula -X-Q which is located para to the NH group in foimula I and 

wherein X is a group of formula CO or OCH2, and Q is phenyl or 2-pyridyL and the odier 

R^ (if present) is selected fiom fluoro, chloro, bromo, methyl and ethyl; and 

Ar is 2'^xo*l,2-dihydropyridin-l*yl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of 
the formula I wherein (R^)m is hydrogen or 7-methoxy; 

(R\ is 3-chloro-4-fluoro, 3,4-dichloro, 2,4-difluoro. 3,4-difluoro, 3-mcthyU 2-fluoro-4-(2- 

pyridylmethoxy), 3-metfayl-4-(2-pyridylmethoxy) or 4-benzoyl-3-chloro; 

and Ar is 1-imidazolyl. 1-benziroidazolyU 1-pyrazolyl. l,2,4-triazol-l-ylor2-oxo-l,2- 

dihydropyridin-l-yl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further specific prefened compound of the invention is the following 
quinazoline derivative of the formula I> 

6-( l-imidazolyl)*4-[3-methyl-4-(2*pyridylmethoxy)anilino]quinazoline or 
4-(4-benzoy l-3-chloroanilino)-6-( 1 -imidazoly l)quinazoline; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

A quinazoline derivative of the formula L or a pharmaceutically-acceptable 
salt thereof, may be prepared by any process known to be ai^licable to the preparation of 
chemically-related compounds. Suitable processes include, for example, those illustrated 
in European Patent Applications Nos. 0S20722, 0S66226, 06028S1, 063SS07 and 
063S498. 

Such processes, when used to prepare a quinazoline derivative of the formula 
I, or a pharmaceutically-acceptable salt thereof, are provided as a further feature of ttie 
invention and are illustrated by the following representative examples in which, unless 
otherwise stated, Ar, R^ m, n and R^ have any of the meanings defined hereinbefore for a 
quinazoline derivative of the formula L Necessary starting materials may be obtained by 
standard procedures of organic chemistry. The preparation of such starting materials is 
described within the accompanying non-limiting Examples. Alternatively necessary 
starting materials are obtainable by analogous procedures to those illustrated which are 
within the ordinary skill of an organic chemist 
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(a) The veactioo, conveniently in the presence of a suitable base, of a quinazoline 

of the fonnula n 




whereia Z is a displaceable group, with an aniline of the fonnula m 



in 




A suitable base is, for eTuunple. an organic amine base such as, for exaiiq>le, 
pyridine, 2,6-Iutidine, colUdine. 4slinicthylaminopyridiae, trietfaylamine, moipholine, 
Ij-mcthylmoipholine or diazabicyclo[5 A0]undec-7-cne, or. for example, an allcaU or 
alkaline earth metal carbonate or hydroxide, for example sodium carbonate, potassium 
carbonate, calcium carbonate, sodium hydroxide or potassium hydroxide, or, for exan^lc, 
an alkali metal hydride, for example sodium hydride. 

A suitable displaceable group Z is, for example, a halogcno, alkoxy, aiyloxy 
or sulphonyloxy group, for example a chloro, bromo, methoxy, phcnoxy, 
mcdianesulphonyloxy or toluenc-e-sulphonyloxy group. The reaction is conveniendy 
carried out in the presence of a suitable inert solvent or dUuent, for example an alkanol or 
ester such as methanol, ethanol, isopropanol or ethyl acetate, a halogenated solvent such as 
methylene chloride, chloroform or carbon tetrachloride, an ether such as tetrahydrofiiran or 
1,4-dioxan, an aromatic solvent such as toluene, or a dipolar zpto^c solvent such as 
liN-dimcthy Ifonnamide, Hil-dimethylacetamidc, ii-methylpyrrolidin-2-one or 
dimethylsulphoxide. The reaction is conveniently carried out at a tempenuure in the 
range, for example, 10 to 250*C, preferably in the range 40 to 80*'C 

The quinazoline derivative of the fonnula I may be obtained from this process 
in the form of the free base or alternatively it may be obtained in the form of a salt with the 
acid of the formula H-Z wherein Z has the meaning defined hereinbefore. When it is 
desired to obtain die free base from the salt, the salt may be treated with a suitable base. 
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for example, an organic amine base such as, for example, pyridine, 2,6-iuiidine, coUidine, 
4-dimethylaminopyridine, triethylamine, morpholine, N-methylmorpholine or 
diazabicyclo[S.4.0]undec-7«ene, or, for example, an alkali or alkaline earth metal 
carbonate or hydroxide, for exan:q>le sodium caibonate, potassium carbonate, calcium 
carbonate, sodium hydroxide or potassium hydroxide. 

(b) The reaction, convenient^ in the presence of a suitable base as defined 

hereinbefore, of a quinazoline of the fonnula IV 




IT 

wherein Z is a displaceable group as defined hereinbefore* with a group of the fonnula 
Ar-H where Ar is as defined hereinbefore. 

The reaction is conveniently carried out in the presence of a suitable inert 
solvent or diluent as defined hereinbefore, and at a temperature in the range, for example, 
10 to 250*'C, preferably m the range 100 to 200''C. 

When, a phaimaceutically-acceptable salt of a quinazoline derivative of the 
fonnula I is required, for example an acid-addition salt, it may be obtained, for exan4>le, 
by reaction of said compound with, for exanqsle, a suitable acid using a convendonal 
procedure. 

Many of the intermediates defined herein are novel, for example, those of the 
formula n and these are provided as a further feature of the invention. 

As stated hereinbefore the quinazoline derivative defined in the present 
invention possesses anti-cell-proliferation activity such as anti-cancer activity which is 
believed to arise from the Qass I receptor tyrosine kinase inhibitory activity of the 
compound. These properties may be assessed, for example, using one or more of the 
procedures set out below:- 

(a) An in vitro assay which detennines the ability of a test compound to inhibit 

the enzyme EGF receptor tyrosine kinase. Receptor tyrosine kinase was obtained in 
partially purified form from A-431 cells (derived fiom human vulval carcinoma) by the 
procedures described below which are related to those described by Carpenter et al.. L 
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Chgm, . 1979. 254, 4884. Cohen et ah. J. Biol. Qiem 1982, 2SL 1523 and by Bnuin 
^aL, L£isL£li&m„ 1984. 222. 2051: 

A-431 cells were grown to confluence using Dulbecco's nuxlified Eagle's 
medium (DMEM) containing 5% fetal calf senun (PCS). The obtained cells were 
homogenised in a hypotonic borate/EDTA buffer at pH lai. The homogenate was 
centiifuged at 400 g for 10 minutes at 0-4«Xl The supernatant was centiifuged at 25.000 g 
for 30 minutes at O^'C TTie pelleted matoial was suspended in 30 mMHepes buffer at 
pH 7.4 containing 5% glycerol, 4 mM benzamidine and 1% Triton X-100, stiired for 1 
hour at 0-4''C, and recentrifuged at lOO.OOO'g for 1 hour at 0-4»C The supernatant, 
containing solubilised receptor tyrosine kinase, was stored in liquid nitrogen. 

For test purposes 40 of the enzyme solution so obtained was added to a 
mixture of 400 fil of a mixture of 150 mM Hepes buffer at pH 7.4, 500 \M sodium 
orthovanadate, 0.1% Triton X-100, 10% glycerol. 200 |d water, 80 fd of 25 mM DTT and 
80 III of a mixture of 12.5 mM manganese chloride, 125 mM magnesium chloride and 
distilled water. Tliere was duis obtained the test enzyme solution. 

Each test compound was dissolved in dimcdiylsulphoxide (DMSO) to give a 
50 mM solution which was diluted with 40 mM Hepes buffer containing 0.1% Triton 
X-100. 10% glycerol and 10% DMSO to give a500 |iM solution. Equal volumes of diis 
solution and a solution of epidermal growth facttv (EOT; 20 figAnl) were m "^ 

[Y-32p]ATP (3000 Ci/mM. 250 nQ) was diluted to a volume of 2 ml by die 
addition of a solution of ATP (100 pM) in distiUed water. An equal volume of a 4 mg/ml 
solution of die peptide Aig-Arg-Uu-Ilc-GIu-Asp-Ala-Glu-Tyr-Ala-Ala-Arg-Gly in a 
mixture of 40 mM Hepes buffer at pH 7.4, 0. 1 % Triton X-100 and 10% glycerol was 
added. 

The test con^x>und/EGF mixnire solution (5 )d) was added to die test en^me 
solution (10 pi) and die mixture was incubated at 0-4"C for 30 minutes. The ATP/peptide 
mixture (10 yl) was added and die mixture was incubated at 25*C for 10 minutes. Tte 
phosphorylation reaction was terminated by the addition of 5% trichloroacetic acid (40 |jd) 
and bovine serum albumin (BSA; 1 mg/mi. 5 pi). The mixture was allowed to stand at 
4'C for 30 minutes and tiien centrifiiged. An aliquot (40 |d) of die supernatant was placed 
onto a strip of Whatman p 81 phosphocdlulose paper. The strip was washed in 75 mM 
phosphoric acid (4 x 10 ml) and blotted dry. Radioactivity picsent in die filter paper was 
measured using a liquid scintillation counter (Sequence A). The reaction sequence was 
repeated in the absence of die EGF (Sequence B) and again in the absence of die test 
compound (Sequence Q. 

Receptor tyrosine kinase inhibition was calculated as follows:- 
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100- (A-B) 

% Inhibition s — . x 100 

C-B 

The extent of inhibition was then detennined at a range of concentrations of 
test compound to give an IC50 value. 

(b) An injdfio assay which determines die ability of a test compound to inhibit the 

EGF-stimuIated growth of the human naso-phaiyngeal cancer cell line KB. 
* KB cells were seeded into wells at a density of 1 x 10*- 1.5 x 10* cells per weU and 
grown for 24 hours m DMEM supplemented with 5% PCS (charcoal-stripped). Cell 
growth was determined after incubadon for3 days by the extent of metabolism of MTT 
tetrazolium dye to furnish a bluish colour. Cell growth was then detennined in die 
presence of EOF (10 ng/ml) or in the presence of EOF (10 ng/ml) and a test compound at a 
range of concentrations. An IC50 value could then be calculated, 
(c) An is vjvo assay in a group of male rats which determines the ability of a test 

compound (usually administered orally as a ball-miUcd suspension in 0.5% polysorbate) to 
mhibit the stimulation of liver hepatocyte growth caused by the administration of die 
growdi factor TGFa (400 Mg/kg subcutaneously, usually dosed twice, 3 and 7 hours 
respectively after the administration of the test compound). 

In a control group of rats« the administration of TGFa causes on average a 
5-fold stimulation of liver hepatocyte growth. 

Cell-growth in the control and test animals is determined as follows:- 
On this morning of the day after the dosing of the test compound (or 0.5% 
polysorbate in the control group), the animals are dosed with bromodeoxyuridine (BrdU; 
100 mg/kg intraperitoneally). The animals are killed four hours later and the livers arc 
excised. Slices are cut fix>m each liver and die uptake of BrdU is determined by a 
conventional immunohistochemical technique similar to that described on pages 267 and 
268 of an article by Golds worthy ct al. in Chemically Induced Cell Proliferation: 
In^jlications for Risk Assessment, Wiley-Liss Inc.. 1991, pages 253-284. Further tests 
were carried out using a range of doses of the test compounds to allow the calculation of 
an proximate ED50 value for the inhibition of liver hepatocyte proliferation as 
determined by inhibition of the uptake of BrdU. 

(d) An in-vivo assay in a group of athymic nude mice (strain ONU: Alpk) which 

determines the ability of a test compound (usually administered orally as a ball-milled 
suspension in 0.5% polysorbate) to inhibit die growth of xenografts of Uic human vulval 
epidermoid carcinoma cell line A431. 

A43 1 cells were maintained in culture in DMEM supplemented with 5% FCS 
and 2mM glutamine. Freshly cultured cells were harvested by trypsinization and injected 
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subcutaneously (10 miUioD cellsA).l ml/mouse) into both flanks of a number of donor 
nudemice. When suffidew tumour material was available (after apptoximatd^ 
days), firagments of mmour tissue were tiansplamed into die flanks of recipient nude mice 
(testd^O). Ondieeighlhdayafteriiansplantation(testday7)gioupsof8tolOmicc 
widi sumlar-sized tumours were selected and dosing of die test compound was 
commenced. Onceslaay dosing oftestcompomid was continued for a total of 13 days 
(test days 7 to 19 inclusive). In some studies die dosing of die test compound was 
continuedbeyond test day 19.forexampletotestday26. In each case, on die foflowing 
day rht ammals were kiUed and final tumour volume was calculated fiom measurements 
ofthelengdiandwidtfiofdiemmours. Results were calcuhued as a percentage inhibition 
of tumour volume relative to untreated controls. 

Aldiough die pharmacological properties of die compounds of die formula I 

vaiy widi structural change as expected, in general activity possessed bv compounds of die 
foimula I may be demonstnued at die following concentrations or doses in one or more of 
die above rests (a), (b), (c) and (d);- 

Test (a):- IC50 the range, for exanqiie, 0.01-1 (iM; 

Test(b):- IC50 in die range, for exanqile. 0.1-10 pM; 

Test (c):- ED50 in die range, for example. 1-100 mg/kg: 

Test (d):- 20 to 70% Inhibition of tumour volume fiom a daUy dose in die 

range, for example, 50 to 400 mg/kg. 
Thus, by way of example, die con^Niund 
4-(3-mediylanilino)-6-(l.imidazolyl)quinazoline has an IC50 of 0.026 yM in Test (a) an 
IC50 of 0.51 MM in Test (b), an ED50 of <I2.5 mg/kg in Test (c) and gives 63% inhibition 
in Test (d) at a dosage of 200 mg/kg/day. 

According to a furdier aspect of die invention diere is provided a 
pharmaceutical composition which comprises a quinazoline derivative of die foimula I, or 
a pharmaceutically-accepuble salt diereof, as defined hereinbefore in association widi a 
phannaceutically-acceptable diluent or earner. 

The composition may be in a fonn suitable for oral administration, for 
example as a tablet or capsule, for parenteral injection (including intraveous, 
subcutaneous, intramuscular, intravascular or infusion) as a sterile solution, suspension or 
emulsion, for topical administration as an oinunent or cream or for rectal administration as 
asuppositoiy. 

In general die above compositions may be prepared in a conventional manner 
using conventional excipients. 

TTie quinazoline derivative wiU noimaUy be administered to a wann-blooded 
animal at a unit dose within die range 5-5000 mg per square meter body area of die animal. 
i.e. approximately 0.1-100 mg/kg. and diis nonnaUy provides a dierapeuticaUv-effective 
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dose. A unit dose fonn such as a tablet or capsule will usually contain, for exan^ie 1-250 
mg of active ingredient Preferably a daily dose in tfae range of 1-100 mg/kg is employed. 
However the daily dose will necessarily be varied depending upon the host treated, the 
particular route of administration* and the sevens of the illness being treated 
Accordingly the optimum dosage may be detenmned by the practitioner who is treating 
any particular patient 

According to a further aspect of the present invention there is provided a 
quinazoiine derivadve of the foimula I as defined hereinbefore for use in a method of 
- treatmentof the human or animal body by ther^. 

We have now found that the compounds of the present invention possess 
anti-cell-proliferadon properties which are believed to arise from their Qass I receptor 
tyrosine kinase inhibitory acdvity. Accordingly the compounds of the present invention 
are expected to be useful in the treatment of diseases or medical conditions mediated alone 
or in part by Class I receptor tyrosine kinase enzymes, Le. the compounds may be used to 
produce a Class I recq)tor tyrosine kinase inhibitory effect in a wami-blooded animal in 
need of such treatment Thus the compounds of die present invention provide a method 
for treating the proliferation of malignant cells characterised by inhibition of Class I 
receptor tyrosine kinase eo^mes, i.e. the compounds may be used to produce an 
anti-proliferative effect mediatrtd alone or in part by the mhibition of Class I receptor 
Qrrosine kinase. Accordingly the compounds of the present invendon are expected to be 
useful in the treatment of cancer by providing an anti-proliferative effect, particularly in 
the treaunent of Class I receptor tyrosine kinase sensitive cancers such as cancers of the 
breast, lung, colon, rectunx stomach, prostate, bladder, pancreas and ovary. The 
compounds of the present invention are also expected to be useful in the treatment of other 
cell-proliferation diseases such as psoriasis. 

Thus according to this aspect of the invention there is provided the use of a 
quinazoiine derivative of the formula L or a pharmaceutically-acceptable salt thereof, as 
defined hereinbefore in the manufacture of a medicament for use in the production of an 
anti-cell-proliferation effect in a warm-blooded animal such as man. 

According to a further feature of this aspect of the invention there is provided 
a method for producing an anti-cell-proliferation effect in a warm-blooded animal, such as 
man, in need of such treatment which comprises administering to said animal an effective 
amount of a quinazoiine derivative as defined inunediately above. 

As stated above die size of the dose required for the then4)eutic or 
prophylactic treatment of a particular cell-proliferation disease will necessarily be varied 
depending on the host treated, the route of administration and the severity of the illness 
being treated. A unit dose in die range, for example, 1-100 mgA;g, preferably 1-SO mg/kg 
is envisaged. 
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Thc and-ccU-prolifenuion defined hereinbefore may be applied as a sole 
therapy or may involve, in addition to the quinazoline derivative of the invention, 
conventional radiotherapy or one or nuire other anti-tumour substances, for example those 
selected fipm, for example. mitoUc inhibitors, for exanq>Ie vinblastine; alkylating agents, 
for exan5)le cis-platin. carboplatin and cyclophosphamide; antimctaboUtes. for example 
5-fluorouracU, cytosine arabinoside and hydroxyurea, or, for example, one of the preferred 
andmetaboUtes disclosed in Eunqwan Patent Application No. 239362 such as 

M-{5-[H-(3.4-dihydrD-2-mediyI-4-oxoquinazolin-6-yhnediyl)-N-metiiyIaminoI-2- 
thenoyll-L-glutamic add; intercaladng antibiotics, for example adriamycin and 
bleomycin; enzymes, for example asparaginase; tppoisomerase inhibitors, for example 
etoposide; biological response modifiers, for example interferom and anti-horaiones. for 
example antioesnogens such as 'NOLVADEX* (tamoxifen) or, for example antiandrogens 
such as •CASODEX' (4'-cyano-3<4.fluorophenylsulphonyl)-2-hydioxy-2-niediyl-3- 
(trifluoroniediyl)propionanilidc). Such conjoint treatment may be achieved by way of the 
simultaneous, sequential or separate dosing of die individual components of the treatment 
According to this aspect of tiie invention tiiere is provided a pharmaceutical produrt 
comprising a quinazoline derivative of die formula I as defined hereinbefore and an 
additional anti-tumour substance as defined hereinbefore for tiie conjoint treatment of 
cancer. 

As stated above die qomazoline derivative defined in die present invention is 
an effective anti-cancer agent, which prqsei^ is beUeved to arise fiom its Class I receptor 
tyrosine Icinase inhibitory properties. Such a quinazoline derivative of die invention is 
expected to possess a wide range of anti-cancer properties as Class I receptor tyrosine 
kinases have been implicated in many common human cancers such as leukaemia and 
breast, lung, colon, rectal, stomach, prostate, bladder, pancreas and ovarian cancer. Thus it 
is expected diat a quinazoline derivative of the invention will possess anti-cancer activity 
agamst tiiese cancers. It is in addition expected that a quinazoline derivative of the present 
uivention will possess activity against a range of l«ikaemias. ly^^)hoid malignancies and 
solid tumours such as carcinomas and sarcomas in tissues such as the liver, kidney, 
prostate and pancreas. 

It is further expected duu a quinazoline derivative of the present Invention 
will possess activity against otiier cell-proliferation diseases such as psoriasis and benign 
prostatic hypertrophy (BPH). 

It is also to be expected that a quinazoline derivative of the invention will be 
useful in the treatment of additional disorders of cellular growth in which aberrant cell 
signalling by way of receptor tyrosine kinase enzymes, including as yet unidentified 
receptor tyrosine kinase en^mes. are involved. Such disorders include, for example. 
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iaflanimation. angiogcTCsis, vascular restenosis, inunimological disofden, pancreatitis, 
kidney disease and blastocyte maturadbn and implantadon. 

The invention wiU now be illustrated in die following non-limiting Examples 
in which, unless otherwise suted:- 

(i) ev^radons were cazried out by rotary evaporadon in vacuo and work-up 
procedures were carried out after renxival of residual solids such as drying agents by 
filtradon; 

(ii) operations were carried out at ambient tenqierature, that is in die range 
1 8-25°C and under an atmosphere of an inert gas such as argon; 

(iii) column chromatogr^hy (by the flash procedure) and medium pressure 
Uquid chromatography (MPLC) were performed on Merck Kieselgel silica (Art 9385) or 
Merck Uchroprcp RP-18 (Art 9303) revcrsed-phasc sitica obtained fiom E Merck, 
Darmstadt CSennany; 

(iv) yields are given for illustration only and are not necessarily the 
maxinmm attainable; 

( v) melting points were determined using a Metder SP62 automatic melting 
point apparatus, an oil-bath apparatus or a KofiQer hot plate a^aiatus. 

(vi) the structures of the end-products of the formula I were confirmed by 
nuclear (generally proton) magnetic resonance (NMR) and mass spectral techniques; 
proton magnetic resonance chemical shift values were measured on the delta scale and 
peak multilicities are shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; 

(vixT intermediates were not generally fidly characterised and purity was 
assessed by thin layer chromatography (TLQ, infra-red (IR) or NMR analysis; 
(viii) the following abbreviations have been used:- 

DMF £L£I-dimediylformamide; 
DMA 2!LN-diniediylacetamide; 
NMP ^-methylpyrn)lidin-2-one; 
DMSO dimethylsulphoxide. 
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EKamplel 

A mixture of 4<id<)io-6-(l-iiiiidazolyl)qiiiiiazQliiie (035 g) and 
3-iiiethylaiiiliiie (0. 162 ml) in isqpropanol (5 ml) was heated at reflux for 1 bour. The 
mixture was evaporated and the residue was suspended in a mixture of mediylene chloride, 
medianol and triediylaniitte. The suspension was chroniatognq)hed on silica using a 
mixoire of metlqrlene chloride and methanol, increasing in pokuiqr ftom pure methylene 
chloride to a 19: 1 mixture of metl^lene chloride: methanol as eluent There was thus 
obtained 4-(3-methyIanilino)-6-(l-imidazoIyI)quinazoline in 39% yield, m.p. 2I8-232'*C; 
NMRSpCcmim : (CDjSOCP,) 236 (s. 3H). 6.98 (d, IH). 7.21 (s. IH). 7.31 (m, IH). 7.64 
(s. IH). 7.68 (d, IH), 7.89 (s. IH), 7.91 (d, IH), 8.18 (m, IH), 8.41 (s, IH). 8.60 (s, IH). 
8.77 (d,lH); 9.72 (s,lH). 

Elemental Analvsi^- Found C, 70.3; H, 5.1; N, 22 J; 

CigHijNs O.33H2O requires C. 70.2; H, 5.1; N. 22.7%. 

The 4<hloro-6-( I-imidazolyl)quinazoline used as a starting material was 
prepared as follows:- 

A mixture of 5-chIon>-2-nitrobenzonitrile (20.0 g) and imidazole (223 g) in 
DMA (150 ml) was heated at 140°C for 6 hours. The mixture was evaporated and the 
residue was trinvated with water to give 5-(l-imidaa)lyl)-2-nitroben2onitriIe (25.3 g); 
NNffSpectpim: (CDjSOCDj) 7.20 (d. IH). 8.05 (t. IH). 8.28 (m, IH). 8.62 (m. 2H). 8.51 
(d. IH); 

Elemental Analysis: Found C. 55.5; H. 3.0; N. 27.2; 
C10H6N4O2 requires C. 56.1; H. 2.8; N. 26.2%. 

A mixture of 5-(l-imidazolyl)-2-niiroben2onitrile (2.14 g). hydrazine 
hydrate (2 ml), edianol (25 ml) and DMA ( 10 ml) was stirred and heated to 40%. Raney 
nickel (0.6 g) was added in portions whilst maintaining the temperature at 
40-50°C The mixnire was stirred at 40-50"C for 2 hours. The Raney nickel was filtered 
off. the mixture was evaporated and the residue was triturated widi ethyl acetate (10 ml) to 
give 2-amino-5-(l-imidazolyl)benzamide (2.03 g); 

NMRSpecmim: (CD3SOCD3) 6.70 (s. 2H), 6.79 (d, IH), 7.03 (s, IH), 7.2 (s. IH), 7.37 (s, 
IH). 7.55 (s, IH), 7.71 (d, IH). 7.73 (s, IH). 8.02 (s. IH); 
Elemental Analvsisr Found C, 58.4; H, 6.7; N, 24.4; 
CioHioNaO DMA requires C, 58.1; H. 6.6; N. 24.4%. 
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A mixtuie of 2-ainmo*5-<Uimidazolyl)beiizamide (12.0 g) and fonnamide 
(30 mi) was heated at 160^C for3 hours. The mixture was cooled and added to water 
The precipitate was filtered off and washed vntb water to give 6-(l«imidazoIyl)-3,4- 
dihydroquinazolin-4-one (T.Sg); 

NMR Spectrum : (CD3SOCD3) 7.15 (s, IH). 7.80 (s, IH), 7.90 (s, IH). 8.13 (m. 2H), 8.26 
(d,lH),8.41 (s,lH); 

Elemental Analysis: Found C 55.7; 4.1; N, 23.6; 
C| 1H8N4O I.3H2O requires C 56,0; H, 4 J; N, 23.8%. 

6-(l-Iaiidazolyl)-3«4-dihydroquinazolin-4-one (1.0 g) was dissolved in 
phosphorus oxychloride (IS ml). DMF (2 drops) was added and the mixture was heated at 
reflux for I hour. The mixture was evaporated, the residue was dissolved in methylene 
chloride, washed with sodium bicarbonate solution and the organic layer was dried 
(MgS04) and evaporated to give 4-chIoro-6-(l-imidazolyl)quinazoline (0.36 g) which was 
used without further purification. 

E]tamDle2 

A mixture of 4-chloro-6-(l-imidazolyl)quinazoline (3.8 g) and 3-chion>-4- 
fluoroaniline (2.64 g) in isopropanol (50 ml) was heated to reflux for 3 hours. The solid 
product so obtained was filtered off, washed with isopropanol and with diethyl ether and 
dried. The solid so obtained was suspended in water (40 ml) and an aqueous ammonium 
hydroxide solution (15 ml) was added. The mixture was stirred for 10 minutes, the solid 
was filtered off, washed with 20% aqueous anunonitun hydroxide solution, with water, 
with acetone and with diethyl ether and dried to give 4-(3-chloro-4-fluoroanilino)-6-( 1- 
imidazolyOquinazoline (1.10 g); 

NMR Spectrum : (CD3SOCD3) 7.22 (s, IH), 7.49 (t, IH), 7.84 (au IH), 7,88 (s, IH), 7.96 
(d, IH). 8.19 (t. IHX 8.24 (m, IH). 8.40 (s, IH), 8,68 (s. IH). 8.74 (d, IH). 9.90 (s. IH); 
Elemental Analysis : Found C, 58.0; H, 3.2; N, 19.4; 
CnHiiNsClF O.75H2O requires C, 57.7; H. 3.5; N. 19.8%. 

Example 3 

Sodium hydride (0.24 g) was added to a solution of 2*hydroxypyridine 
(0.95 g) in NMP ( 10 ml) and the mixture was stirred at ambient temperature for 30 



WO96n69C0 



PCT/GB9S/D2768 



-25- 

minutes. A mixture of a portion (3 ml) of the resultant solution and 4-(3,4- 
dichloroanilino)-6-fluoroquinazoline bydrochloiide (0.172 g) was heated at 215«C for 10 
hoars. The reaction mixture was acidified with glacial acetic acid and evaporated at 90»C 
under high vacuum. The residue was chromatographed on silica using a mixture of 
mediylene chloride and medianol. increasing in polarity from pure methylene chloride to a 
19:1 mixture of methylene chloride: methanol as eluent The product so obtained was 
triturated with a 1:1 mixture of isopropanol and ethyl acetate. The solid was filtered off, 
washed with ethyl acetate and dried under high vacuum to give 4-(3.4-dichloroanilino)-6- 
(2-oxo-l,2-dilqrdropyridin-l-yI)quinazoline (0.099 g); 

NMRSpectnim: (CEhSOCDj) 6.44 (m, IH), 6.57 (m. IH). 7.55-7.66 (m, IH). 7.68 (d, 
IH). 7.75-8.00 (m, 4H). 8.34 (d, IH). 8.65 (s. IH). 8.78 (s. IH). 9.78 (s. IH); 
Elemental Analv<fj;f Found C. 59.7; H. 3.2; N. 14.4; 
C19H12CI2N4O requires C. 59.7; a 3.2; N. 14.6%. 

The 4-(3.4-dichIoroanilino)-6-fluoroquinazoline hydrochloride used as a 
starting material was prepared as follows:- 

A mixture of 2-amino-5-fluorobenzoic add (2.07 g) and fonnamide (4 ml) 
was heated at 160»C for 2 hours, and for a Airther 2 hours at 180^ The reaction mixture 
was allowed to cool and water was added. The reaction product was filtered off and 
washed with water and with diethyl ether to give 6-fluoro-3.4.dihydroquinazoUn-4.one in 
78% yield; m.p. 269-27rC; 
Elemental Anaiy^jy Found C. 58.2; H. 3.0; N. 16.9; 
CgH«N20F requires C. 58.9; H. 2.5; N, 17.2%. 

6-Fluoro-3,4-dihydroquinazolin-4-one ( 1.0 g) was suspended in a mixnue 
of thionyl chloride (10 ml) and DMF (1 to 2 drops). The mixnire was heated to refiux for 
2 to 3 hours and allowed to cool. Solvent was removed by evaporation and the residue 
was dried under vacuum to give 4-chloro-6-fluoroquinazoline which was used widiout 
further purification. 

A mixture of 4-chloro-6-fluoroquinazoline (2 g). 3,4-dichloroaniline (1.78 
g) and isopropanol (30 ml) was heated at reflux for 2 hours. The resuldng solid was 
filtered off, washed with isopropanol and with diethyl ether to give 4-(3,4- 
dichloroanilino)-6-fluoroquinazoline hydrochloride (3.2 g), m.p. >300"C; 
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NMRSpWttWB: (CDjSOCDs) 7.74 (d. IH). 7.88 (m, IH), 8.07 (m, 2H). 8.24 (d, IH), 8.97 
(iii.lH).8.98(s.lH): 

Hanffltal AtHfim' Foond C 48.7; H. 2.6: N. 12.1; 
Ci4H8a2FN3 l-OHQ requires C 48.6; H, 2.6; N, 12.2%. 

A mixture of 4-chlon>-6-(l-imidazolyl)quinazoline (0.74 g), 2,4- 
dilluoroaniline (0.61 g) and isopiopanol (10 ml) was stirred and heated to reflux for 4 
hours. The mixture was cooled to ambient temperature and the solid was isolated and 
washed in turn with isopropanol and diethyl edjer. The solid so obtained was suspended in 
water (10 mi) and a concentrated aqueous ammonium hydroxide solution (4 ml) was 
added. The mixture was stirred at ambient temperature for 30 minutes. The mixture was 
filtned and the solid so obtained was washed in torn with water and with diethyl edier. 
The solid was purified by column chromatography using a 100:8: 1 mixture of methylene 
chloride, methanol and dilute aqueous ammooium hydroxide as duent There was thus 
obtained 4-(2,4-difluoroanilino>6-(l-imidazolyl)quinazoliiw (0.07 g), oLp. 232-234"C 
NMRSp«pcm»w: (CDjSOCPj) 7.15 (m, IH). 7.2 (s, IH), 7.4 (m, IH). 7.6 (m, IH), 7.85 
(s, IH), 7.9 (d, IH). 8.2 (m, IH), 8 J8 (s. IH). 8 J (s. IH), 8.7 (d, IH), 9.8 
(broad s. IH); 

Elemental Analysis; Found C. 62.6; H. 3.4; N. 21.2; 
CnHiiFjNs O.2H2O requites C. 6Z5; H, 3.5; N, 21.4%. 

EicamDle 5 

Using an analogous procedure to that described in Example 4, 
4-chIoro-6-(l-imidazolyl]quinazoline was reacted with 3,4-difluoroaniline to give 
4-(3,4-difIuoroaniIino)-6-(l-iniidazolyl)quinazoline in 35% yield, 
NMR gpectpim: (CTsSOCDa) 7.2 (s. IH). 7.4-7.7 (m, 3H). 7.95 (d, IH). 8.1 (m. IH). 8.2 
(m, IH). 8.4 (s. IH). 8.65 (s. IH). 8.7 (d. IH), 9.7 (broad s. IH). 
Elemental Analysis: Found C. 62.2; H. 3.6; N, 20.6; 
CnHiiFjNs O.4H2O requires C. 61.7; H. 3.6; N, 21.2%. 
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Using an analogous proceduie to that described in Example 4, 
4<Iiloft>^2-niedoriimidazoi-l.yl)quiiiazoline was reacted with 3-cUon>4.fluoiDaniline 
to give 4-(3-chloro-4-nuoroaniIinoW2-iiiedvlunidazo|.I-yl)quu^ in 10% yield; 
NMPSpffftTini: ( CD,S0CD3) 2.4 (s, 3H), 7.0 (d, IH). 7.4 (m. 2H). 7.6 (m. IH). 7.95 (d. 
2H), 8.2 (m. IH). 8.6 (s. IH). 8.7 (s, IH). 9.7 (bfoad s. IH). 

The 4-chloiD-6-(2-n«diyliini.dazol-l-yl)quina2oline used as a starting 
ouuerial was obtained as foUows:- 

3-Fluorobenzoniifile (25 g) was added dropwise to a stirred mixture of 
potassium nitrate (21.1 g) and concentrated sulphuric acid (150 ml) which had been cooled 
in a mixture of salt and ice. The mixnire was stirred at ambient temperature for 45 
minutes. The mixture was poured onto ice (800 ml) and die precipitate was isolated. The 
soUd so obtained was dissolved in mediylene chloride, dried (MgSO*) and the solution 
was evaporated to give 5-fluoro-2-aitiobenzonitrile (19 g). 

A portion (5 g) of the material so obtained was reacted with 2- 
methylimidazole using an analogous procedure to that described in the fiist pangnpb of 
the portion of Example 1 which is concerned with the preparation of starting materials. 
There was dius obtained 5-(2-meUiylimidazol-l-yl).2-nitrDbenzonitrile in 75% yield. 

Tlie material so obtained was used in place of 5-(l-imida2olyl)-2- 
nitrobenzonitrile as the starting material for die sequence of reactions described in die 
second, third and founh paragraphs of die portion of Example 1 which is concerned widi 
die preparation of starting materials. There was Uius obtained 4-chloro-6-(2- 
mediylimidazol-l-yl)quinazoline in 54% yield. 



Example? 

2-Aminoacetaldehyde dictfiyl acetal (0.2 ml) and triediylamine (0.2 ml) 
were added in mm to a stirred mixture of 4.(3-chloixv4.fluon>anilino)-6-isoUiiocyanato-7- 
medioxyquinazoline (0.3 g) and edianol (5 ml). The mixture was heated to rcHux for 1 
hour. The mixmre was evaporated, 3N aqueous hydrochloric acid (5 ml) was added and 
the resultant mixture was heated to reflux for 1 hour. The mixnac was cooled to ambient 
temperature and die precipitate was isolated and dried. There was dius obtained 4-(3- 
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chloro-4-fluoroaiulmo)-7-inetlmy-6<2-tfaioxo-4- iinidazolia*l-yl)quiiiazoliiie 
hydfochloride sak (0 .32 g). m.p. 226-228X; 

NMRSoectnim: (CPsSOCPi) 4,0 (s. 3H), 7.1 (t, IH), 7J (t, IH), 732 (s. IH). 7.55 (t, 
IH), 7.7 (m, IH), 8.05 (m. IH). 8.9 (s, IH). 8.95 (s. IH). 1 1 J (broad s, IH), IZS (broad s, 
IH); 

Hpmcntal AnajYgjs: Found C 43.8; H, 4.1; 13.8; 
CigHisOFNsOS 1.5Ha 2H2O requires C 43.9; H, 3.8; K 14.2%. 

The4-(3<Moio-4-fluoroanilino)-6-isotMocyaiiata-7-mechoxyquinazo^ 
hydrochloride salt used as a starting material was obtained as follows:- 

Using an analogous procedure to that described in Example 1, 4 J-dichlorx>- 
6-mtroquinazoline (European Patent Application No. 0635498. within Example 9) was 
reacted with 3-chloro-4-fluoroaniline to give 7-chlon>4-(3-chlon>-4-fluoioanilino)-6- 
nitroquinazoline in 45% yield. 

Sodium methoxide (3.8 g) was added portionwise to a stirred mixture of 7- 
chlon>-4-(3-chloro-4-fluoroaxulirio)-6*iutnxiuina2»lira (3.5 g) and DMSO (50 ml) which 
was cooled in an ice-bath. The mixture was stirred at ambient temperature for 3 hours. 
The mixture was acidified by the addition of glacial acetic acid and then evaporated. The 
residue was purified by column chromatography using increasingly polar mixtures of 
methylene chloride and methanol as eluent There was thus obtained 4-(3-chloro-4- 
fluoroanilino)-7-methoxy-6-nitroquinazoline (2.9 g). 

A mixture of a portion (2.6 g) of die material so obtained, 10% palladium 
on carbon catalyst (0.35 g)» etiuuiol (120 ml) and DMA (100 ml) was stirred under an 
atmosphere of hydrogen gas at ambient temperature for 1 hour and then at 40^C for 2 
hours. The mixture was filtered and the filtrate was evaporated. The residue was purified 
by column chromatography using a 19: 1 mixmre of mediylene chloride and metiianol as 
eluent. There was thus obtained 6-amino-4-(3-chloro-4-fluoroanilino)-7- 
methoxyquinazoline (0.34 g); 

NMR Spectrum : (CDsSOCHJa) 3.96 (s. 3H). 5.48 (broad s, 2H), 7.1 1 (s, IH), 7.38 (s. IH). 
7.49 (t, IH), 7.81 (m, IH), 8.18 (m, IH), 8.39 (s, IH), 9.4 (broad s, IH). 

After repetition of the previous steps, thiophosgene (0 J ml) was added 
dropwise to a stirred solution of 6-amino-4-(3-chloro-4-fluoroanilino)-7- 
metiioxyquinazoline (1.65 g) in 2N aqueous hydrochloric acid (45 ml). The mixture was 
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sdired at ambient temperature for 16 hours. The precipitate was isolated and dried to give 
4-(3<hloro-4-fluoioanilino)-6-isothiocyanato-7-iiicth03^quii^ which was used 
without further purification. 

EmnpleS 

A mixture of 4-(3-chloro-4.fluoroaiiiImo)-7-medxoxy-6^2-thioxo-^ 
imidazolin-l-yl)quinazoIine (0.S4 g) and aqueous nitric acid (20%, 20 mi) was stirred and 
heated until the evolution of nitrogen dioxicte was noted. The mixture was heated for a 
further 15 minutes. The mixture was cooled to ambient temperature and water (20 ml) 
was added The mixnire was basificd by the addition of a concentrated aqueous 
ammonium hydroxide solution. The resultant mixture was cooled in an ice bath and the 
resultant precipitate was isolated and dried. There was thus obtained 4-(3-chloio-4- 
fluoroanilino>^l-imida2olyI)-7-metiioxyquina2olinc (0.46 g); m.p.233-237*'C; 
NMR Spectrum: (CD3SOCD3) 4.05 (s, 3H), 7.2 (s, IH). 7.5 (nu 2H), 7.65 (s, IH), 7.9 (m, 
IH). 8.1 (s, IH), 8.25 (m, IH), 8.65 (s, IH). 8.7 (s. IH), 9.9 (broads, IH): 
Elemental Analysis: Found C, 50^; H, 4.2; N« 18.1; 
CisHaClFNsO O.5HNO3 I.5H2O requites C. 50.5; H, 3.9; K 18.0%. 

Escamole 9 

Using an analogous procedure to tiiat described in Example 4, 4-chIoro-6- 
(l-iinidazolyl)quinazoline was reacted with 4-amino-3-fluorophenyl 2-pyridylmethyl ether 
to give 4.[2-fluoro-4.(2.pyridyhnetiioxy)anilinol-6-(l.inudarolyl)quin^ in 7% yield; 
NMR Spectrum: (CD3SOCD3) 5.23 (s, 2H). 6.95 (m, IH). 7.1 (m, IH), 7.2 (s. IH), 7J8 
(m, IH), 7.44 (t, IH), 7.58 (d. IH). 7.83-7.95 (m, 3H). 8.2 (m. IH). 8.4 (s. IH), 8.48 (s. 
IH). 8.6 (m, IH), 8.71 (d, IH), 9.72 (broad s, IH); 
Elemental Analysis: Found C, 65.1; H, 4.1; N, 19.8; 
C23H17FN6O O.75H2O requires C 64,9; H. 4.4; N, 19.7%. 

The 4-amino-3-fluorophenyl 2-pyridylmethyl ether used as a starting 
material was obtained as follows:- 

A mixture of 3-fluoro-4-nitrophenol (3.14 g), 2-pyridylmethyI chloride 
(3.28 g), potassium carbonate (5.52 g) and DMF (20 ml) was stirred at ambient 
temperature for 16 hours. The mixmre was partitioned between ethyl aceute and water. 
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The organic phase was washed with water, dried (MgSO*) and eva^ Thexesidiie 
was purified by column cfannnatograpby using increasingly polar mixtures of hexane and 
ethyl acetate as eluent to give 3-fluoro-4.nitrophenyl 2-pyridylinethyl ether (0.86 g). 

A mixture of the material so obtained, ediyl acetate (25 ml) and 10% 
paUaidum-on-carixn catalyst (0.08 g) was stiired under an atmosphere of hydrogen gas for 
5 hours, nie mixture was filteted and evaporated. The residue was purified by column 
chromatography using increasingly polar mixtures of hexane and ethyl acetate as eluent 
There was thus obtamed 4.amino.3.fluon>phenyl 2-pyridytoiethyl edier (0.32 g): 
NMRSpgctTvip: (CDjSOCD,) 4.6 (broad s. 2H). 5.0 (s, 2H). 6.7 (m. 3H). 7.3 (m. IH). 7.5 
(d. IH). 7.8 (m. IH), 8.6 (d. IH). 



Example 10 

Using an analogous procedure to that described in Example 4. 4H:hlQro-6- 
(I-imidazoIyl)quinazoline was reacted widi 5-amino-2-tolyI 2-pyridyhnedjyl edier to give 

6-(I.imidazolylH.[3-methyl-4.(2-pyridyhnedK>xy)anilino]quinazoline in 14% yield. m.p. 
208-21 1«C; 

NMRSpectnim : (CDaSOCDj) 2 J (s. 3H). 5.2 ($, 2H). 7.05 (d, IH). 7.2 (d, IH). 7.35 (m. 

IH). 7.55 (m, 3H), 7.87 (m. 3H). 8.15 (m, IH). 8.4 (s, IH). 8.55 (m. IH). 8.6 (m. IH). 8.72 

(d, IH). 9.65 (broad S.1H); 

Bemental Anajyifjif Found C. 6?J; H. 4.8; N. 202; 

C24H20N6O O.25H2O requites C 69.8; H. 5.0; N. 20.4%. 

The 5-amino-2-tolyl 2-pyridyhnetbyI ether used as a starting material was 
obtamed as follows:- 

Sodium hydride (60% dispersion in mineral oil, 1.24 g) was added to a 
solution of 2-pyridylmethanol (2.49 ml) in NMP (100 ml) and the mixnire was stirred at 
ambient temperature for 15 minutes. 2-Fluoro-5-nitrotoluene (4 g) was added and the 
nuxture was heated to I40'C for 2.5 hours. The mixture was cooled to ambient 
temperature, poured into water (300 ml) and stirred for 30 minutes. The precipitate was 
isolated, washed with water and dried. The material so obtained was purified by column 
chromatography using increasingly polar mixnircs of mediylene chloride and methanol as 
eluent There was thus obtained 5-nitro-2-tolyl 2-pyridylmcthyl ether (1.61 g, 26%); 
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NMH?pccmJlp: (CD3SOCD3) 132 (s, 3H). 535 (s. 2H), 721 (d. IH). 735 (m, IH). 7 J5 

(d, IH), 7.85 (m, IH), 8.09 (m, IHX 8.1 (s, IH), &6 (m, IH). 

After repetition of the previous stqp, a mixture of S-nitro-2-toIyl 2- 
pyridylmediyl ether (2 g), iron powder (1 g), concentraied l^drochioric acid (1 ml), water 
(2nd)andetlianQl(50ml) wasstiiredandlieatedtorefiuxfor4ho^^ The mixture was 
cooled to ambient ten4)erature, basified by the addition of 2N aqueous sodium hydroxide 
solution and extracted with methylene chloQde. The organic phase was dried (MgS04) 
and evaporated There was thus obtained S-amino-2-tolyl 2-pyridylmethyi ether in 97% 
yield 

NMl^Spectpim: (CD3SOCD3) 2.09 (s, 3H), 4.61 (s, 2H), 5.0 (s. 2H), 6.32 (m, IH), 6.42 
(d IH), 6.67 (d IH), 7.31 (m, IH). 730 (d IH), 7.81 (m, IH), 8.54 (m, IH). 

Example 11 

Using an analogous procedure to that described in Exan^le 4 except that 
the reaction product was basified by treatment with a ^^^t^ aqueous sodium 
bicarbonate solution rather than with a concentrated aqueous ammonium hydroxide 
solution, 4-chloro-6-(l-imidazoIyI)quinazoltne was reacted with 4-amino-2- 
chlorobenzophenone to give 4-(4-benzoyl-3-chloroanilino)-6-(l-iniidazolyl)- 
quinazoline in 11% yield, m.p. 220-223*'C; 

NMR gpe^mim: (CD3S0C333) 7.2 (s, IH). 7,5-7.8 (m. 6H), 7,9 (s, IH), 8.0 (d IH), 8.1 
(m, IH), 8.25 (m, IH). 8.3 (d IH). 8.4 (s, IH), 8.78 (s, IH), 8.8 (d IH), 10.0 (broad s, 
IH); 

Elemental Analysis! Found C. 66.6; H 3.8; N, 16.1; 
C34H16CIN5O O.5H2O requires C, 66J; H, 3.9; N, 16,1%. 

The 4-amino-2-chlorobenzophenone used as a starting material was 
obtained as follows:* 

A mixture of 2-chloro-4-nitrobcnzoic acid (20 g). thionyi chloride (40 ml) 
and DMF (5 drops) was stirred and heated to reflux for 1 hour. The mixture was 
evaporated to give 2-chloro-4-nitrobenzoyl chloride which was used without further 
purification. 

Aluminium chloride (14 g) was added portionwise to a stirred mixture of 
the 2-chlon>-4-nitrobenzoyl chloride so obtained and benzene (50 ml) which had been 
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cooled to 5°C The mixnire was stirred at ambient temperature for 16 hows and then 
heated to reflux fori hour. The mixture was cooled to ambient temperature and added to 
a vigorously stirred mixture of ice and water. The stiiring was continued and concentrated 
aqueous hydrochloiic acid (30 ml) was added. TTie precipitate was isolated by filtration 
anddissolvedinmethylenechloride(250ml). TTie organic solution was washed with 
aqueous sodium hydroxide solution (10%. 2 x 200 ml) and with brine, dried and 
evaporated. There was thus obtained 2-chlorD-4-nitrobenzophenone as a solid (20 g. 
77%). 

A mixture of a portion (10 g) of the material so obtained, stannous chloride 
dihydrate (20 g) and concentrated aqueous hydrochloric acid (100 ml) was stirred and 
heated to reflux for 5 hours. The mixture was cooled to ambient temperanire, poured onto 
a mixture of ice and water and basified by the addition of concentrated aqueous sodium 
hydroxide solution (30%). The mixture was extracted widi dicdiyl edier and the organic 
phase was washed with brine, dried and evaporated. The residue was purified by column 

chromatography using increasingly polar mixtures of hexane and ediyl acetate as eluent 

TTie resultant product was recrystallised from a mixnire of hexane and methylene chloride. 

There was thus obtained 4-amino-2-chlofobenzophenone (2 g); 

NMRSpectnim : (CP3SOCD5) 6.0 (s. 2H). 6.6 (m. IH). 6.7 (d. IH). 7.1 (d, IH). 7.5 (m. 

2H).7.7 (m,3H). 



Example 12 

A mixture of 6.(I-pyra2olyI)-3.4-dihydroquuuizolin-4-onc (0.32 g), DMF (4 
drops) and thionyl chloride (8 ml) was stirred and heated to reflux for 4 hours. TTie 
mixture was evaporated. Mediylene chloride was added to the residue and die mixnire 
was re-cvaporated. 

A mixture of the material so obtained, 3-chIoro-4-fluoroaniline (0.22 g) and 
isopropanol (20 ml) was stirred and heated to reflux for 3 hours. The mixture was cooled 
to ambient temperanire. acetone (15 ml) was added and the precipitate was isolated. The 
material so obtained was purified by column chromatography using a 3:2 mixnire of 
meUiylcne chloride and ethyl acetate as clucnt. There were thus obtained in tura:- 

4-(3-chloro-4-fluoroaniIino)-6-(4-chloropyrazol-l-yI)quinaMlinc (0.047 g), 
m.p. 225.226'*C; 
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^^P^*^ - (CD3SOCD3) 7.46 (u IH), 7.85 (m. IH). 7.94 (d. IH). 7.99 (s. IH). 8.18 
(m. IH), 8.33 (m. IH). 8.65 Cs. IH). 8.85 (s. IH), 8.91 (d. IH), 9.99 (broad s, IH); 
Hemental Anafyififf- Found C 54J: a 2.7; N. 18 J; 
CitHioQzFNs requires C. 54.6: H. 2.7; N, 18.7%; and 

4H3<WoiD-4-fluoroanilino)-6Kl-pynttoIyl)quinazoIine (0.093 g). m.p. 243.244°C: 
^^P*^'"^ - (CD3SOCD3) 6.68 (m. IH). 7.45 (t. IH). 7.87 (m. IH). 7.94 (d, IH). 8.19 
(m. IH). 8 J9 (m. IH). 7.87 (m. IH). 8.61 (d. IH), 8.63 (s. IH). 8.91 (d. IH). 10.0 (broad 
S.1H); 

Plemgn^aj AnjilYsjy Found C, 59.9; H. 3.2; N. 20.1; 
CnHuClFNs requires C. 60.1; H. 3 J; N. 20.6%. 

The 6-(l-pyrazoIyl).3,4-daiydroquinaroIin-4-one used as a starting material 
was obtained as follows:- 

A mixture of 5-nuoro-2-nitroben2onitrile (0.166 g). pyrazole (0.272 g), 
triethylamine (0.55 ml) and DMSO (3 ml) was stined and heated to 85»C for 16 houis. 
The inlxture was cooled to ambiem temperature and water was added. The precipitate was 
isokied and purified by column chromatography using mcdiylenc chloride as eluent 
There was thus obtained 2-mtn>-5-(l.pyn«zolyl)benzonitrile (0.097 g), m.p. I66-168»C. 

Using an analogous procedure to that described in the second paragraph of 
the portion of Example 1 which is concerned with the preparation of starting materials. 2- 
mtro.5-(l-pyrazolyl)benzonitriIe was reduced wiUi Rancy nickel to give 2-amino-5<l- 
pyrazoiyObeozamide in 61% yield, m.p. 147-149'»C. 

A mixture of the material so obtained (1.62 g) and formamide (5 ml) was 
stirred and heated to 160°C for 16 hours. The mixture was cooled to ambient temperature 
and triturated under diethyl ether. The resultant solid was washed in turn with acetone and 
widi cthanol. There was thus obtained 6-(l-pyra2olyl)-3.4-dihydroquina2olin-4-one (1.35 
g) which was used without further purification. 

Example 13 

A mixture of 4-chloro-6-(I.2,4-triazoI-l-yl)quinazoline (0.54 g). 3-chloro- 
4-fluoroanUine (0.34 g) and isopropanol (25 ml) was stined and heated to reflux for 2 
hours. The mixture was cooled to ambient ten^rature, acetone (20 ml) was added and 
the mixmre was filtered. The solid so obtained was washed with acetone and dried to give 
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4K3^hloro-4-fluon>anilino)-6-{l A4^r^ hydnxhloridc salt (0.61 g). 

ntp- >25(yC; 

NMl^Spwmim: (CD3SOCD3) 7.49 (I, IH), 7.8 (m. IH). 8.03-8.08 (m, 2H). 8 J3 (s, IH), 
8 J2 (nu IH). 8.93 (s, IH). 9.62 (m, 2H); 
ggnq^talAfffMYgls: Found C 49.7; H, 2.8; N. 21.9; 
Ci6H,oCIFN6 IHQ 0.5HaO requires C, 49.8; H. 3-1; N, 21.8%. 

The 4<UoiD-6-(l«2,4-triazol-l-yl)quiaazoline used as a starting macerial 
was obtained as foUows:- 

A mixnue of S-fluon>-2-nitrobenzomtriIe (3 g), i;2,4-tria2ole (4,92 g), 
tricthylamine (9.9 ml) and DMSO (50 ml) was stirred and heated to 85*C for 16 houn. 
The mixture was cooled to ambient temperature and water was added. The precipitate was 
isolated and dried to give 2-nitro-5-(l^,4-tria2oH-yl)ben2onilrile 
(1.9 g) which was used without further purification. 

Using an analogous procedure to that described in the second paragr^fa of 
the portion of Exanqjle 1 which is concerned with the preparation of starting f«ati»ri ^ k . 2- 
nitn>-5-(i;j,4-triazol-l-yl)benzonitrile was reduced with Raney nickel to give 2-aniino-5- 
(U,4-triazoH-yI)ben2amide in 83% yield, m.p. 216-2I8*'C 

A mixture of the material so obtained (1.62 g) and formamide (7 ml) 
was stirred and heated to 160X for 16 hours. The mixmre was cooled to ambient 
temperanire and acetone was added. The solid was isolated and dried to give 6-( t;2,4- 
triazol-l.yl).3,4-dihydroquinazolin-4-one (1.44 g); 

NMRSpectmn^: (CDjSCXHJa) 7.87 (d, IH). 8.16 (s, IH), 8 J (s. IH). 8J3 (m, IH), 8.54 
(d, IH), 9.5 (s, IH), 12.45 (broad s. IH). 

A mixture of a portion (0.5 g) of the material so obtained, DMF 
(4 drops) and thionyl chloride ( 10 ml) was stirred and heated to reflux for 3 hours. The 
mixture was evaporated, methylene chloride was added to the residue and the mixture was 
re-evaporated. There was thus obtained 4-chloro-6-(l,2,4-triazoM-yl)quinazoline (0.54 g) 
which was used without further purification. 

Example 14 

Using an analogous procedure to that described in Example 13 except that 
the reaction product was purified by colunm chromatography using a 100:8:1 mixture of 
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methylene chloride, methanol and a dilute aqueous ammonium hydroxide solution, 4- 
chloro-6-(l^,4-triazoI-l-yl)quinazoline was reacted with 2,4-difluoroaniline to give 4* 
(2,4Klifluoioaniluio>-6Klt2,4-triazol-l*yl)quina2oline in 30% yield, m.p. >2S0^C; 
NMR Spectrum : (CD3SOCD3) 7.18 (m, IH), 7.4 (m. IH), 7.6 (m, IH). 7.98 (d, IH), 8.38 
(m, 2H), 8.53 (s. IH), 8.96 (d, IH), 9.37 (s. IH). 10.0 (broad s, IH); 
Elemental Analysis : Found C 58.3; H, 3^; N, 252; 
C16H10F2N6 O.3H2O requires C. 58 J; H, 22; N, 25 J%. 

Example 15 

A mixture of 6-fluoro-4-(3-aiethylanilino)quinazoline hydrochloride salt 
(0.347 g), benzimidazolc (0.33 g), potassium carbonate (0.78 g) and DMF (7 ml) was 
stirred and heated at ISO^C for 24 hours. The mixture was ev^^rated and the residue was 
suspended in a mixture of methylene chloride and methanol. The suspension was filtered 
and the filtrate was evaporated to give a solid which was washed with ethyl acetate and 
purified by column chromatography using a 24: 1 mixture of methylene chloride and 
methanol as eluent. The resultant solid was triturated with mett^lene chloride, filtered 
and dried to give 6-(l-benzimidazolyl>-4- (3*niethylanilino)quinazoline (0.2 g), m.p. 245- 
246^C; 

NMR Spectrum : (CD3SOCD3) 2J5 (s, 3H), 6.96^.99 (d, IH), 7.27-7.33 (t, IH), 
7.35-7.42 (m, 2H), 7.64-7.77 (m, 3H), 7.82-7.86 (m, IH), 7.99-8.03 (d, IH), 8.15-8.20 (m, 
IH), 8.66 (s, 2H). 8.90 (d, IH). 9.80 (s, IH); 
Hemental Analvsis : Found C, 72.8; H, 5.0; N, 19 J; 
C22H17N5 O.6H2O requires C, 73.0; H,5.1; N, 19.3%. 

The 6-fluoro-4-(3-methylanilino)quinazoline used as a starting material was 
obtained as follows:- 

4-ChIoro-6-fluoroquinazoline (1.1 g) was suspended in isopropanol 
(20 ml) and 3-methylaniline (0.65 ml) was added. The mixture was heated to reflux for 2 
hours. The reaction mixture was allowed to cool and the precipitate was filtered off. The 
solid so obtained was suspended in 2N aqueous hydrochloric acid and stirred for several 
minutes. The mixture was filtered to give 6-fluoro-4-(3-methylanilino)quina2oline 
hydrochloride salt in 43% yield, m.p. 255-260''C; 
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^leipentat Ana<Y?fi.s: Found C. 57.1; H, 4.6; N. 13 J; 
CiiHi jNsF 1.67Ha requires C, 57.4; H, 4.7; N, 13.4%; 

Rwinpl» 1< 

nie foUowiog illustrate representative phannaceutical dosage fonns 
containing the compound of formula I. or a phannaceutically-acceptablc salt thereof 
(hereafter compound X). for therapeutic or prophylactic use in humans: 



(a) Tablet I 

Compound X lOO 

Lactose Ph£ur 182.75 

Croscarmellose sodium .................. 12.0 

Maize starch paste (5% w/v paste) 2.25 

Magnesium stearaie 3 q 



ma/tabley 



(b) IsS^oJl 

Compound X 5Q 

Lactose Ph.Eur. 223.75 

Croscarmellose sodium 5,0 

Maize starch ,5 0 

Polyvinylpyrrolidone 2.25 

Magnesium stearate 39 

(c) Jsmm mg/tablet 

Compound X jq 

Lactose Ph.Eur 93 25 

Croscannellose sodium 40 

Maize starch paste (5% w/v paste) 0.75 

Magnesium stearate | q 
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(d) Capsule 

Compound X ', |q 

Lactose Ph. Eur. . 4ggj 

Magoesiuni steaiate 



(e) IniectioH f 



CbmpoundX ^ s.O%w/v 

IM Sodium hydroxide solution 15.0% w/v 

0.1M Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400. 4 j% 

Water for injection to 100% 

(f) Iniectioail ^2jng^ 

CompouudX ,o%w/v 

Sodium phosphate BP. 3.6% w/v 

0. IM Sodium hydroxide solution 15.0% v/v 

Water for injection to 100% 



rime/ml-buffe red to pHfi^ 



(g) hiecrion m 

CbmpoundX o.l% w/v 

Sodium phosphate BP. 2.26% w/v 

Citric acid 0.38% w/v 

Polyediylene glycol 400 3^% 

Water for injection to 100% 

Note 

The above fonnutations may be obtained by conventional procedures well 
known in tiie pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional 
means, for example to provide a coating of ceUulose acetate phthalate. 
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CLAIMS 



1. 



A quinazoline derivative of the fotmiilal 



H 




wherein m is 1 or 2; 

each R' is independently hydrogen* halogeno, cyano, amino, nitro* carbamoyl, caiboxy, 
(l^alkoxycaibonyL (l^alkyl, (l^alkyithio. (l-40alkylaniino, 
di-[(l-4QaIkyl]amino, (2-4Qalkanoylamino or (l-4C)alkoxy: 
n is 1.2 or 3; 

each is independently hydrogen, hydroxy, balogeno, trifiuoromethyl. trifluoromethoxy, 
amino, nitio, cyano, (l-4C)alkyl, (l-4Qalkoxy, (l-4QaIkylaniino, di-I(l-4C)alIqrI]amino, 
(l-4Qalkylthio, (l-4Qalkylsulphinyl, (l-4C)alkylsulphonyl, (2-4C)aUcanoylaniino, 
(2-4Qalkanoyl or ( I-3Qalkylenedioxy, or R^ is a group of the fonnula *X*Q which is 
located para to the NH group in formula I and wherein X is a group of the formula CO, 
C(R^2t CH(OR^), C(R^)rC(R^)2, C(R^)=C(R^), CsC, CH(CN), O, S, SO, SOi. C0NR\ 
S02NR\ NR^CO, NR^SOo 0C(R^)2. SC(K\ C(fi?)20 or C(fi.\S wherein each R^ is 
mdependenily hydrogen or (l-4C)alkyl and Q is a phenyl or n^hthyl group or a 5- or 6- 
membered heteroaryl moiety containing up to three heteroatoms selected from oxygen, 
nitrogen and sulphur, which heteroaryl moiety is a single ring or is fused to a benzo ring, 
and wherein said phenyl or naphthyl group or heteroaxyl moiety is optionally substituted 
with one, two or three substituents selected from halogeno, trifluoromethyl, cyano, 
carbamoyl, hydroxy, amino, nitro, (l-4Qalkyl, 

(l-4C)alkoxy, (l-4C)alkylamino, di-[(l-4Qalkyl]amino, (2-4Qalkanoylamino. 
N-(l-4QalkyIcarbamoyl andNJi-di-[(l-4Qallqrl]caibamoyl; and 
Ar is a S- or 9-membcrcd nitrogen-linked heteroaryl moiety containing up to four nitrogen 
heteroatoms, or Ar is a 5-, 6-, 9- or 10-membered nitrogen*Iinked unsaturated heterocyclic 
moiety containing up to three nitrogen heteroatoms which bears one or two substituents 
selected from oxo and. thioxo, and Ar is optionally substituted with one, two or three 
substioients selected from halogeno, hydroxy, amino, merw^to, carboxy, carbamoyl. 
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(l-4C)aIkyl. (l-4C)alkoxy. (l-4C)aIkylainiiio, di.[(l-4C)aIkyI]amino, (l^alkylthio, 
(2-40alkanoyl(1.4QaIkoxycarbo^^^ N-(I-4C)alkylcarbainoyU 
JL£I-di-[(l-4QaIkyl]carbainoyl, M-(hy(lioxyK2-4C)alkylIcarbamoyI, 
IiJJ-Kfi-0iydroxyK2-4QalkylJcarbamoy^^ ia-[(l-4C)alkDxyK2.4C)alky«^ 
Iija-di.[(l-40aIkoxy-(2-4QaIkyl]carbaTO amiocKl-^Qalkyl. (MQalkylamino- 
(l-4C)alkyl di.[(l-4C)aIkyl]aiiiino-(l-4Qalkyl pynoIidm-l-yHl^allcyl, pipcridino- 
(l-4Qalkyl, morpholino-d^alkyl. pipcra2in-I-yHl-4QalkyI and 
4<l^alkyIpipcra2in-l.yKl-4C)alkyl; 
or a phannaceutically-acccptablc salt thexvof. 

2. A quinazoline derivative of the fonnula I as claimed in claim 1 

wherein mis 1 or 2; 

each R* is independently hydrogen, halogeno, cyano, amino, niiro, carbamoyl, carboxy, 
(l-4C)aIkoxycarbonyl. (l-4C)aIkyl, (l-4Qalkylthio. (MQalkyiamino, 
di-[(l-4Qalkyl]amino. (2-4Qalkanoylamxno or(I-4Qalkoxy; 
n is 1,2 or 3; 

each is independenUy hydrogen. Iqrdroxy, halogeno, trifluoromcthyl. trifluoiomethoxy. 
amino, nitro, cyano, (l-tQalkyl, (MQalkoxy, (l-4C)aIkylamino. di-((l-40alkyI]amino, 
(MQalkylthio, (l-4C)alkylsulphinyl, (l-40aikylsulphQnyl. (2^4C)aUcanoyIamino. 
(2-4QaIkanoyl or (l-3Qalkylencdioxy; and 

Ar is a 5- or 9-membered nitrogen-linked heteroaryl moiety containing up to four nitrogen 
heteroatoms, or Ar is a 6-, 9* or lO-membered nitrogen-linked unsaturated heterocyclic 
moiety containing up to three nitrogen heteroatoms which bears one or two substituents 
selected from oxo and thioxo, and Ar may optionally bear up to three substituents 
selected from halogeno, hydroxy, amino, meica^o, carboxy, carbamoyl, (l-4QalIgrl, 
(l-4Qalkoxy. (l-4Qalkylamino, di-[(l-4Qalkyl]amino, (l-4Qalkylthio, (2^alkanoyl, 
(MQalkoxycarbonyl, N-(MC)alkylcaibamoyl. NJJ-di.((MQaIkyl]carbamoyl. 
li-[hydroxy-( l-4C)alkyl]carbamoyl, £itM"di-rhydroxy-{l-4Qalkyll- 
carbamoyl, £i-[(l-4Qalkoxy-(l^alkyl]carbamoyl and 
£LN-di-[( 1 -4C)alkoxy-( 1 -4C)alkyl]carbamoyl ; 
or a pharmaceutically-acceptable salt thereof. 

3. A quinazoline derivative of the formula I as claimed in claim 1 

wherein m is 1 and R' is hydrogen, 7-fluoro, 7-chloro or 7-methoxy; 

n is 1 or 2 and each R^ is independently fluoro. chloro, bromo, methyl and ethyl, or one R^ 

is a group of the formula -X-Q which is located to the NH group in formula I and 

wherein X Is a group of formula CO or OCH2, and Q is phenyl or 2-pyridyl, and the other 

R^ (if present) is selected from fluoro, chloro, bromo, methyl and ethyl; and 

Ar is l-pyrazoyl, 1-imidazolyl, 1,2,4-triazoH-yl or l-benzimidazolyl which optionally 

bears a substituent selected from fluoro, chloro, bromo, methyl and ethyl; 

or a pharmaceutically-acceptable salt thereof. 
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4. A quinazoline derivative of the fonnula I as claimed in claim 1 
wherein m is 1 and is hydtogen, 7-fluoxo. 7-chl<m or 7-meihoxy; 

n is 1 or 2 and each independently fluoro, chloio, bromo, methyl and ethyl, or one R^ is 
a group of the foimula-X-Q which is located para ID the NH group in formula I anH 

wherein X is a group of foxmula CO or OCH2. and Q is phenyl or 2-pyridyl and the other 

R^ (if present) is selected fiom fluoro, chloro, bromo, methyl and ethyl; and 

Ar is 2-oxo-l^-dihydropyridin-l-yl; 

or a phannaceutically-acceptable acid-addition salt thereof. 

5. A quinazoline derivative of the fonnula I as claimed ui claim 1 wherein (R^)ai 
is hydrogen or 7-mcthoxy; 

(R\ is 3-chIoro^fluoro, 3,4-dlchloro, 2,4-difluoro, 3.4-difluoro, 3-mcthyI, 2-fluorD-4-(2- 

pyridylmethoxy). 3-mediyl-4.(2-pyridylmethoxy) or 4-ben2oyl-3-chloro; 

andAris l-imidazolyl, l-benzimidazolyl, 1-pyrazolyl, l,2,4-triazol-l-ylor2-oxo-U. 

dihydropyridin-l-yl; 

or a pharmaceudcally-acceptable acid-addition salt thereof. 

6- A quinazolin e derivative of the formula I as claimed in claim 1 selected 

firom:- 

4-(3-metbylanilino>6-( l*imidazoIyl)quinazoline and 
4-(3-chloro-4-fluoroanilino)-6-( l-iniidazolyl)quinazoline, 
or a phazmaceutically-acceptable salt thereof. 

7. A quinazoline derivadve of the formula I as claimed in claim 1 selected 

from:- 

6-(l-imidazolyl)-4.(3-methyl-4^2-pyridbfbnethoxy)anilino]quintt^ and 

4-(4-benzoyl-3-chloroanilino)-6-(l-imidazolyl)quinazoline; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

8- A process for the preparation of a quinazoline derivative of the fonnula I, or a 

pharmaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 7 which 
comprises:- 

(a) the reaction of a quinazoline of the formula II 



Z 




wherein Z is a displaceable group, with an aniline of the formula m 
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or 
(b) 



the reaction, of a quinazoline of the fonnula IV 




IV 

wfaereinZis a displaceable group, with agroup of the fonnula Ar-H where Ar is as 
defined in claim 1. 

9. A pharmaceutical composition which comprises a quinazoline derivative of the 
formula I, or a pharmaceutically-acceptable salt thereof, in association with a 
pharmaceutically-acceptable diluent or carrier. 

10. The use of a quinazoline derivative of the formuk I. or a 
pbarmaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 7 in the 
manufacmre of a medicament for use in the production of an anti-cell-proliferation effect 
in a warm-blooded animal. 
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